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DATA COMPRESSION AND DECOMPRESSION 



CROSS REFERENCE TO AFPENDTCg S 
5 Appendix A, which is a part of the present 

disclosure, is a listing of a software implementation 

written in the programming language C. 

Appendices B-1 and B-2, which are part of the present 

disclosure, together are a description of a hardware 
10 implementation in the commonly used hardware description 

language ELLA, 

Appendix C, which is part of the present disclosure 

is a listing of a software implementation written in the 

programming lanc^uage C and assembly code. 
15 A portion of the disclosure of this patent document 

contains material which is subject to copyright 

protection. The copyright owner has no objection to the 

facsimile reproduction by anyone of the patent document, 

but otherwise reserves all copyright rights whatsoever. 

2 0 FTET.D OF THE TNVENTIQW 

This invention relates to a method of and apparatus 
for data compression and decompression. In particular, 
this invention relates the compression, decompression, 
transmission and storage of audio, still-image and video 
25 data in digital form. 

BACKGROUND INFORMATION 

An image such as an image displayed on a computer 
monitor may be represented as a two-dimensional matrix of 
digital data values. A single frame on a VGA computer 
30 monitor may, for example, be represented as three matrixes 
of pixel values. Each of the three matrixes has a data 
value which corresponds to a pixel on the monitor. 

The images on the monitor can be represented by a 64 0 
by 480 matrix of data values representing the luminance 
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(brightness) values Y of the pixels of the screen and two 
other 64 0 by 480 matrixes of data values representing the 
chrominance (color) values U and V of the pixels on the 
screen. Although the luminance and chrominance values are 
5 analog values, the one luminance value and the two 
chrominance values for a pixel may be digitized from 
analog fonn into discrete digital values. Each luminance 
and chrominance digital value may be represented by an 8- 
bit number. One frame of a computer monitor therefore 

10 typically requires about 7 megabits of memory to store in 
an uncompressed form. 

In view of the large amount of memory required to 
store or transmit a single image in uncompressed digital 
form, it would be desirable to compress the digital image 

15 data before storage or transmission in such a way that the 
compressed digital data could later be decompressed to 
recover the original image data for viewing. In this way, 
a smaller amount of compressed digital data could be 
stored or transmitted. Accordingly, niomerous digital 

20 image compression and decompression methods have been 
developed. 

According to one method, each individual digital 
value is converted into a corresponding digital code. 
Some of the codes have a small number of bits whereas 

25 others of the codes have a larger number of bits. In order 
to take advantage of the fact that some of the codes are 
short whereas others of the codes are longer, the original 
digital data values of the original image are filtered 
using digital filters into a high frequency component and 

30 a low frequency component. The high frequency component 
represents ambiguities in the image and is therefore 
observed to have a comparatively large number of identical 
data values for real-world images. By encoding the 
commonly occurring digital data values in the high 

3 5 frequency component with the short digital codes, the 

total number of bits required to store the image data can 
be reduced from the number of bits that would otherwise be 



wo 94/23385 



PCT/GB94/00<77 



- 3 - 

required if 8-bits were used to represent all of the data 
values. Because the total number of bits in the resulting 
encoded data is less than the total nuniber of bits in the 
original sequence of data values, the original image is 
5 said to have been compressed. 

To decompress the compressed encoded data to recover 
the original image data, the compressed encoded data is 
decoded using the same digital code. The resulting high 
and low frequency components are then recombined to form 
10 the two-dimensional matrix of original image data values. 
Where the data being compressed is two-dimensional 
data such as image data, separation of the original data 
into high and low frequency components by the digital 
filters may be accomplished by filtering in two dimensions 
15 such as the horizontal dimension of the image and the 
vertical dimension of the image. Similarly, decoded high 
and low frequency components can be recombined into the 
original image data values by reconbining in two 
dimensions. 

20 To achieve even greater compression, the low 

frequency component may itself be filtered into its high 
and low frequency components before encoding. Similarly, 
the low frequency component of the low frequency, component 
may also be refiltered. This process of recursive 
25 filtering may be repeated a number of times. Whether or 
not recursive filtering is performed, the filtered image 
data is said to have been "transformed" into the high and 
low frequency components. This digital filtering is 
called a "transform". Similarly, the high and low pass 
3 0 components are said to be "inverse transformed" back into 
the original data values. This process is known as the 
"inverse transform". 

Figure 1 is a diagram of a digital gray-scale image 
of a solid black square 1 on a white background 2 
35 represented by a 640 by 480 matrix of 8-bit data luminance 
values. 

Figure 2 is a diagram illustrating a first 
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intermediate step in the generation of the high and low 
frequency components of the original image. A high pass 
digital filter which outputs a single data value using 
multiple data values as inputs is first run across the 
5 original image values from left to right, row by row, to 
generate G suhblock 3. The number of digital values in G 
subblock 3 is half of the number of data values in the 
original image of Figure 1 because the digital filter is 
sequentially moved to the right by twos to process two 
10 additional data values for each additional one data output 
generated for G subblock 3. Similarly, a low pass digital 
filter which outputs a single data value using multiple 
data values as inputs is first run across the original 
image values from left to right, row by row, to generate H 
15 subblock 4. The number of digital values in H subblock 4 
is half of the number of data values in the original image 
because the digital filter is moved to the right by twos 
to process two additional data values for each additional 
one data output generated for H subblock 4 . Each of the 
20 two vertical bars in high pass G subblock 3 appears where 
a change occurs spatially in the horizontal dimension in 
the original image of Figure 1. Where the G filter 
encounters a change from white data values to black data 
values when the filter G is run across the image of Figure 
25 1 in a horizontal direction, the G digital filter outputs 
a corresponding black data value into subblock 3. 
Similarlyi when the G digital filter encounters the next 
change, which is this time a change from black to white 
data values, the G digital filter again outputs a 
30 corresponding black data value into G subblock 3. 

Figure 3 is a diagram illustrating a second 
intermediate step in the generation of the high and low 
frequency components of the original image. The high pass 
digital filter is run down the various columns of the 
35 subblocks H and G of Figure 2 to form the HG subblock 5 
and GG subblock 6 shown in Figure 3. Similarly, the low 
pass digital filter is run down the various columns of the 
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H and G subblocks 3 and 4 of Figure 2 to form HH and GH 
subblocks 7 and 8 shown in Figure 3, The result is the 
low pass ccmponent in subblock HH and the three high pass 
component subblocks GH,. HG and GG. The total number of 
5 high and low pass component data values in Figure 3 is 
equal to the number of data values in the original image 
of Figure l. The data values in the high pass component 
subblocks GH, HG and GG are referred to as the high 
frequency component data values of octave 0, 

10 The low pass subblock HH is then filtered 

horizontally and vertically in the same way into its low 
and high frequency components. Figure 4 illustrates the 
resulting subblocks. The data values in HHHG subblock 9, 
HHGH subblock 10, and HHGG subblock 11 are referred to as 

15 the high frequency component data vales of octave 1. 

Subblock HHHH is the low frequency component. Although 
not illustrated, the low frequency HHHH subblock 12 can be 
refiltered using the same method. As can be seen from 
Figure 4, the high frequency components of octaves 0 and 1 

2 0 are predominantly white because black in these subblocks 
denotes changes from white to black or black to white in 
the data blocks from which to high frequency subblocks are 
generated. The changes, which are sometimes called edges, 
from white to black as well as black to white in Figure 1 

2 5 result in high frequency data values in the HG, HG and GG 

quadrants as illustrated in Figure 3. 

Once the image data has been filtered the desired 
number of times using the above method, the resulting 
transformed data values are encoded using a digital code 

3 0 such as the Huffman code in Table 1. 
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Corresponding Digital 
Grav-Sca le Value 



Digital 
Code 



5 



15 



black 
white 



5 
4 
3 
2 
1 
0 

-1 
-2 
-3 
-4 
-5 



1000001 

100001 

10001 

1001 

101 

0 

111 

1101 
11001 
110001 
1100001 



20 



Table 1 



Because the high frequency components of the original 
image of Figure 1 are predominantly white as is evident 
from Figures 3 and 4, the gray-scale white is assigned the 
single bit 0 in the above digital code. The next most 

25 common gray-scale color in the transformed image is blac}c. 
Accordingly, gray-scale black is assigned the next 
shortest code of 101. The image of Figure 1 is comprised 
only of black and white pixels. If the image were to 
involve other gray-scale shades, then other codes would be 

3 0 used to encode those gray-scale colors, the more 
predominant gray-scale shades being assigned the 
relatively shorter codes. The result of the Huffman 
encoding is that the digital values which predominate in 
the high frequency components are coded into codes having 

35 a few number of bits. Accordingly, the number of bits 
required to represent the original image data is reduced. 
The image is therefore said to have been compressed. 

Problems occur during compression, however, when the 
digital filters operate at the boundaries of the data 

40 values. For example, when the high pass digital filter 
generating the high pass component begins generating high 
pass data values of octave 0 at the left hand side of the 
original image data, some of the filter inputs required by 
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the filter do not exist. 

Figure 5 illustrates the four data values required by 
a four coefficient high pass digital filter G in order to 
generate the first high pass data value Gq of octave 0. As 
5 shown in Figure 5, data values Dj, D2, D3 and D4 are 

required to generate the second high pass data value of 
octave 0, data value G, . In order to generate the first 
high pass component output data value G©, on the other 
hand, data values D.,, Dq, Dj, and Dj are required. Data 
10 value D., does not, however, exist in the original image 
data. 

Several techniques have been developed in an attempt 
to solve the problem of the digital filter extending 
beyond the boundaries of the image data being transformed. 
15 in one technique, called zero padding, the nonexistent 
data values outside the image are simply assumed to be 
zeros. This may result in discontinuities at the 
boundary, however, where an object in the image would 
otherwise have extended beyond the image boundary but 

2 0 where the assumed zeros cause an abrupt truncation of the 

object at the boundary. In another technique, called 
circular convolution, the two dimensional multi-octave 
transform can be expressed in terms of one dimensional 
finite convolutions. Circular convolution joins the ends 
25 of the data together. This introduces a false 

discontinuity at the join but the problem of data values 
extending beyond the image boundaries no longer exists. 
In another technique, called symmetric circular 
convolution, the image data at each data boundary is 

3 0 mirrored. A signal such as a ramp, for example, will 

become a peak when it is mirrored. In another technique, 
called doubly symmetric circular convolution, the data is 
not only mirrored spatially but the values are also 
mirrored about the boundary value. This method attempts 
35 to maintain continuity of both the signal and its first 
derivative but requires more computation for the extra 
mirror because the mirrored values must be pre-calculated 
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before convolution. 

Figure 6 illustrates yet another technique which has 
been developed to solve the boundary problem. According 
to chis technique, the high and low pass digital filters 
5 are moved through the data values in a snake-like pattern 
in order to eliminate image boundaries in the image data. 
After the initial one dimensional convolution, the image 
contains alternating columns of low and high pass 
information. By snaking through the low pass sub- band 

10 before the high pass, only two discontinuities are 

introduced. This snaking technique, however, requires 
reversing the digital filter coefficients on alternate 
rows as the filter moves through the image data. This 
changing of filter coefficients as well as the requirement 

15 to change the direction of movement of the digital filters 
through various blocks of data values makes the snaking 
technique difficult to implement. Accordingly, an easily 
implemented method for solving the boundary problem is 
sought which can be used in data compression and 

20 decompression. 

Not only does the transformation result in problems 
at the boundaries of the image data, but the transforma- 
tion itself typically requires a large number of complex 
computations and/or data rearrangements. The time 

2 5 required to compress and decompress an image of data 

values can therefore be significant. Moreover, the cost 
of associated hardware required to perform the involved 
computations of the forward transform and the inverse 
transform may be so high that the transform method cannot 

3 0 be used in cost-sensitive applications. A compression and 

decompression method is therefore sought that not only 
successfully handles the boundary problems associated with 
the forward transform and inverse transform but also is 
efficiently and inexpensively implementable in hardware 
35 and/or software. The computational complexity of the 
method should therefore be low. 

In addition to transformation and encoding, even 
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further compression is possible. A method known as tree 
encoding may, for example, be employed. Moreover, a 
method called quantization can be employed to further 
compress the data. Tree encoding and quantization are 
5 described in various texts and articles including "Image 
Compression using the 2-D Wavelet Transform" by A.S. Lewis 
and G. Knowles, published in IEEE Transactions on Image 
Processing, April 1992. Furthermore, video data which 
comprises sequences of images can be compressed by taking 
10 advantage of the similarities between successive images. 
Where a portion of successive images does not change from 
one image to the next, the portion of the first image can 
be used for the next image, thereby reducing the number of 
bits necessary to represent the sequence of images. 
15 JPEG (Joint Photographies Experts Group) is. an 

international standard for still-images which typically 
achieves about a 10:1 compression ratios for monochrome 
images and 15:1 compression ratios for color images. The 
JPEG standard employs a combination of a typo of Fourier 
20 transform, known as the discrete-cosine transform, in 
combination with quantization and a Huf fman-liJce code. 
MPEGl (Motion Picture Experts Group) and MPEG2 are two 
international video compression standards, MPEG2 is a 
standard which is still evolving which is targeted for 
25 broadcast television. MPEG2 allows the picture quality to 
be adjusted to allow more television information to be 
transmitted, e.g., on a given coaxial cable. H.261 is 
another video standard based on the discrete-cosine 
transform. H.261 also varies the amount of compression 
3 0 depending on the data rate required. 

Compression standards such as JPEG, MPEGl, MPEG2 and 
H.261 are optimized to minimize the signal to noise ratio 
of the error between the original and the reconstructed 
image. Due to this optimization, these methods are very 
3 5 complex. Chips implementing MPEGl, for example, may be 
costly and require as many as 1.5 million transistors. 
These methods only partially take advantage of the fact 
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that the human visual system is quite insensitive to 
signal to noise ratio. Accordingly, some of the 
ccnplexity inherent in these standards is wasted on the 
human eye. Moreover, because these standards encode by 
5 areas of the image, they are not particularly sensitive to 
edge-type information which is of high importance to the 
human visual system. In view of these maladaptions of 
current compression standards to the characteristics of 
the human visual system, a new compression and 

10 decompression method is sought which handles the above*- 
described boundary problem and which takes advantage of 
the fact that the human visual system is more sensitive to 
edge information than signal to noise ratio so that the 
complexity and cost of implementing the method can be 

15 reduced. 

SUMMARY 

A compression and decompression method using wavelet 
decomposition, frequency based tree encoding, tree based 
motion encoding, frequency weighted quantization, Huffman 

20 encoding, and tree based activity estimation for bit rate 
control is disclosed. Forward and inverse quasi-perfect 
reconstruction transforms are used to generate the wavelet 
decomposition and to reconstruct data values close to the 
original data values. The forward and inverse quasi- 

25 perfect reconstruction transforms utilize special filters 
at the boundaries of the data being transformed and/or 
inverse transformed to solve the above-mentioned boundary 
problem. 

In accordance with some embodiments of the present 
30 invention, a decompression method uses four coefficient 
inverse perfect reconstruction digital filters. The 
coefficients of these inverse perfect reconstruction 
digital filters require a small number of additions to 
implement thereby enabling rapid decompression in software 
35 executing on a general purpose digital computer having a 
microprocessor. The method partially inverse transforms a 
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sub-band deconposition to generate a sriall lew frequency 
component image. This small image is expanded in one 
dimension by performing interpolation on the rows of the 
small image and is expanded in a second dimension by 
5 replicating rows of the interpolated small image. 
Transformed chrominance d^ta values are inverse 
transformed using inverse perfect reconstruction digital 
filters having a fewer number of coefficients than the 
inverse perfect reconstruction digital filters used to 

10 inverse transform the corresponding transformed luminance 
data values. In one embodiment, two coefficient Haar 
digital filters are used as the inverse perfect 
reconstruction digital filters which inverse transform 
transformed chrominance data values. Variable-lencrth 

15 tokens are used in the compressed data stream to indicate 
changes in encoding methods used to encode data values in 
the compressed data stream. 

BRTTF DESCRIPTION OF THE DRAWINGS 

Figures 1-4 (Prior Art) are diagrams illustrating a 
20 sub-band decomposition of an image. 

Figure 5 (Prior Art) is a diagram illustrating a 
boundary problem associated with the generation of prior 
art sub-band decompositions. 

Figure 6 (Prior Art) is a diagram illustrating a 
25 solution to the boundary problem associated with the 
generation of prior art sub-band decompositions. 

Figiire 7 is a diagram illustrating a one-dimensional 
decomposition. 

Figures 8 and 9 are diagrams illustrating the 
30 separation of an input signal into a high pass component 
and a low pass component. 

Figures 10, II, 14 and 15 are diagrams illustrating a 
transformation in accordance with one embodiment of the 
present invention. 
35 Figures 12 and 13 are diagrams illustrating the 

operation of high pass and low pass forward transform 
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digital filters in accordance with one embodiment of the 
present invention. 

Figure 16 is a diagram of a tvu-dimensional matrix of 
original data values in accordance with one embcdiment of 
5 the present invention. 

Figure 17 is a diagram of the two-dimensional matrix 
of Figure 16 after one octave of forward transform in 
accordance with one embodiment of the present invention. 
Figure 18 is a diagram of the two-dimensional matrix 
10 of Figure 16 after two octaves of forward transform in 
accordance with one embodiment of the present invention. 

Figures 19 and 2 0 are diagrams illustrating a 
boundary problem solved in accordance with one embodiment 
of the present invention. 
IS Figure 21 is a diagram Illustrating the operation of 

boundary forward transform digital filters in accordance 
with one embodiment of the present invention. 

Figure 22 is a diagram illustrating the operation of 
start and end inverse transform digital filters in 

2 0 accordance with one embodiment of the present invention. 

Figure 23 is a diagram illustrating a one-dimensional 
tree structure in accordance one embodiment of the present 
invention. 

Figure 2 4A-D are diagrams illustrating the recursive 
25 filtering of data values to generate a one-dimensional 
decomposition corresponding with the one-dimensional tree 
structure of Figure 23. 

Figure 25 is a diagram of a two-dimensional tree 
structure of two-by-*two blocks of data values in 

3 0 accordance with one embodiment of the present invention. 

Figure 26 is a pictorial representation of the data 
values of the two-dimension tree structure of Figure 25. 

Figures 27-29 are diagrams illustrating a method and 
apparatus for determining the addresses of data values of 
35 a tree structure in accordance with one embodiment of the 
present invention. 

Figure 30 and 31 are diagrams illustrating a 
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quantization of transf orrried data values in accordance with 
one embodiznent of the present invention. 

Figures 32 and 33 are diagrams illustrating the 
sensitivity of the human eye to spatial frequency, 
5 Figures 34 is a diagram illustrating the distribution 

of high pass component data values in a four octave 
wavelet decomposition of the test image Lenna. 

Figure 35 is a diagram illustrating the distribution 
of data values of the test image Lenna before wavelet 
10 transformation. 

Figure 3 6 is a block diagram illustrating a video 
encoder and a video decoder in accordance with one 
embodiment of the present invention. 

Figure 37 is a diagram illustrating modes of the 
15 video encoder and video decoder of Figure 36 and the 
corresponding token values. 

Figure 38 is a diagram illustrating how various flags 
combine to generate a new mode when the inherited mode is 
send in accordance with one embodiment of the present 

2 0 invention. 

Figures 39-40 are diagrams of a black box on a white 
background illustrating motion. 

Figures 41-43 are one-:dimensional tree structures 
corresponding to the motion of an edge illustrated in 
25 Figures 39-40. 

Figure 44 is a diagram illustrating variable-length 
tokens in accordance with one embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT^ ; 

3 0 QUASI -PERFECT RECONSTRUCTION FILTERS 

The wavelet transform was introduced by Jean Morlet 
in 1984 to overcome problems encountered in analyzing 
geological signals. See "Cycle-octave and Related 
Transforms In Seismic Signal Analysis", Goupillaud, 
35 Grossman and Morlet, Geoexploration, vol. 22, 1984. Since 
then, the wavelet transform has been a new and exciting 
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method of analyzing signals and has already been applied 
to a vide range of tas)cs such as quantum mechanics and 
signal processing! The wavelet transform has a number of 
advantages over more traditional Fourier techniques 
5 principally used today in the analysis of signals. The 
wavelet transform and the high and low pass four 
coefficient quasi-perfect reconstruction filters of the 
present invention are therefore described by relating them 
to the windowed Fourier transform. 

10 The windowed Fourier transform is the principle 

transform used today to analyze the spectral components of 
a signal. The Fourier transform decomposes a signal under 
analysis into a set of complex sinusoidal basis functions. 
The resulting Fourier series can be interpreted as the 

15 frequency spectra of the signal. The continuous Fourier 
transform is defined as follows: 



Where f(t) is the time domain signal under analysis and 
F(ci)) is the Fourier transform of th« signal undor 

2 0 analysis. Although many applications require an estimate 

of the spectral content of an input signal, the above 
formula is impractical for most systems. In order to cal- 
culate the Fourier transform, the input signal f(t) must 
be defined for all values of time t, whereas in most 
25 practical systems, f(t) is only defined over a finite 
range of time. 

Several methods have therefore been devised to 
transform the finite input signal into an infinite signal 
so that the Fourier transform can be applied. The 

3 0 windowed Fourier transform is one such solution. The 

windowed Fourier transform is defined as follows: 




(equ. 1) 




(equ. 2) 



Where f(t) is the time domain signal under analysis, 
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Fvv(tJ/T) is the windowed Fourier transform of the time 
domain signal under analysis, and v(t) is the windowing 
function- The windowing function is usually chosen to be 
zero outside an interva'l of finite length* Alternatively, 
5 as the spectral content of the input f(t) varies with 
time, the input signal can be examined by performing the 
transform at time r using a more local window function. 
In either case, the output transform is the convolution of 
the window function and the signal under analysis so that 

10 the spectra of the window itself is present in the 

transform results. Consequently, the windowing function 
is chosen to minimize this effect. Looking at this 
technique from another viewpoint, the basis functions of a 
windowed Fourier transform are not complex sinusoids but 

15 rather are windowed complex sinusoids. Dennis Gabor used 
a real Gaussian function in conjimction with sinusoids of 
varying frequencies to produce a complete set of basis 
functions (known as Gabor functions) with which to analyze 
a signal. For a locality given by the effective width of 

20 the Gaussian function, the sinusoidal frequency is varied 
such that the entire spectrum is covered. 

The wavelet transform decomposes a signal into a set 
of basis functions that can be nearly local in both 
frequency and time. This is achieved by translating and 

25 dilating a function ^(t) that has spatial and spectral 
locality to form a set of basis functions: 

VS*<s(c-u)) (equ. 3) 

wherein s and u are real numbers and are the variables of 

the transform. The function *(t) is called the wavelet. 

30 The continuous wavelet transform of a signal under 

analysis is defined as follows: 

W{s,v)*^[^ IF is{t'U))flt)dt (equ. 4) 

Where f (t) is the time domain signal under analysis. 
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W(s,u) is its wavelet transfonn, ^ is the wavelet, s is 
the positive dilation factor and u is the scaled 
translation distance. The spatial and spectral locality 
of the wavelet transform is dependent on the character- 
5 istics of the wavelet. 

Because the signal under analysis in the compression 
of digitally sampled images has finite length, the 
discrete counterpart of the continuous wavelet transform 
is used. The wavelet transform performs a multiresolution 

10 decomposition based on a sequence of resolutions often 
referred to as "octaves". The frequencies of consecutive 
octaves vary uniformly on a logarithmic frequency scale. 
This logarithmic scale can be selected so that consecutive 
octaves differ by a factor of two in frequency. The basis 

15 functions are: 

fox (j\n)€Z^ (equ. 5) 

where Z is the set of all integers, » {(j/H) : j,n e Z} , 
and r^Ux) ^ y/l^ ^ (2^ x] . 

In a sampled system, a resolution r signifies that 

20 the signal under analysis has been sampled a-t r samples 
per unit length. A multiresolution analysis studies an 
input signal at a number of resolutions, which in the case 
of the present invention is the sequence r 2^ where 
j c Z* The difference in frequency between consecutive 

25 octaves therefore varies by a factor of two, 

Stephane Mallat formalized the relationship between 
wavelet transforms and multiresolution analysis by first 
defining a multiresolution space sequence {Vj}j€z/ where Vj 
is the set of all possible approximated signals at 

30 resolution 2^ He then showed that an orthonormal basis 
for Vj can be constructed by {^r* (x-2-'n) }.€2- <Pi^) called 
the scaling function where for any jcZ, 4^ (x) =N/2^<t> (2-'x) . 
He then showed that a signal f (x) can be approximated at a 
resolution 2^ by the set of samples: 



\ 
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= {v^</,4)^>},,, (equ. 6) 

where <f,g>^f f(x)g{x)dx, where gtL^ (R) , 
the set cf square integrable functions on R. This is 
equivalent to convolving the signal f(x) with the scaling 
5 function at a sampling rate of 2^ However, this 

representation is highly redundant because Vj C Vj^,,j€Z. 
It would be more efficient to generate a sequence of 
multiresolution detail signals Oj which represents the 
difference information between successive resolutions 
10 opVj = Vj^, where Oj is orthogonal to Vj. Mallat proved that 
there exists a function SE^(x) called the wavelet where: 

^Ux) « V^i|r(2^x) (egu. 7) 

such that {♦'(x-2"'n) is an orthonormal basis of Oj and 
{4^(x-2^n)}, (j,n)c2^ is an orthonormal basis cf L'(R) . 
IS The detail signal at resolution 2^** is represented by the 
set of data values: 

Ifj-{^<f.H»nez (egu. 8) 

which is equivalent to convolving the signal f (x) with the 
wavelet ^•(-x) at a sampling rate of 2^ 

20 Hence, the original signal f(x) can be completely 

represented by the sets of data values (Sj, (Nj) J<j<-1) , 
where J<0 gives the number of octaves. This 
representation in the form of data values is known as the 
discrete wavelet decomposition. The Sj notation used by 

25 Mallat refers to recursively low pass filter values of the 
original signal. corresponds to the original data 
values D. S., corresponds to the H data values from the 
low pass filter. W.| corresponds to the G data values from 
the high pass filter. S.j corresponds to the next low pass 

3 0 filtered values from the previous H sub-band. N.j 

corresponds to the next high pass filtered values from the 
prievious H sub-band. 

If the sampling patterns of the discrete windowed 
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Fourier transform and the discrete wavelet transform are 
compared while maintaining the spatial locality of the 
highest frequency sample for both transforms, then the 
efficiency of the discrete wavelet decomposition is 
5 revealed. The window Fourier transform produces a linear 
sampling grid, each data value being a constant spatial 
distance or a constant frequency away from its neighbor. 
The result is a heavy over-sampling of the lower 
frequencies. The wavelet transform, in contrast, samples 

10 each of its octave wide frequency bands at the minimum 

rate such that no redundant information is introduced into 
the discrete wavelet decomposition. The wavelet transform 
is able to achieve highly local spatial sampling at high 
frequencies by the use of octave wide frequency bands. At 

15 low frequencies, spectral locality takes precedenca over 
spatial locality. 

Figure 7 illustrates the spatial and spectral 
locality of a sequence of sampled data values. The box 
surrounding a data value represents the spatial ajid 

20 spectral locality of the data value. The regions of 
Figure 7 are presented for explanation purposes. In 
reality there is some overlap and aliasing between 
adjacent data values, the characteristics of which are 
determined by the particular wavelet function used. 

25 Mallat showed the wavelet transform can be computed 

with a pyramid technique, where only two filters are used. 
Using this technique, Sj and Nj are calculated from Sj+„ Sj 
being used as the input for the next octave of 
decomposition. A low pass filter H: 

30 h(n) - ~<4>l\4>l> (equ. 9) 

Mallat showed that Sj can be calculated by convolving from 
Sj^i with H and keeping every other output (i.e. sub- 
sampling by a factor of 2). 

A method for calculating Nj from S^^i can also be 
3 5 derived. This method involves convolving Sj^i with a high 
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pass filter G and sub-sampling by a factor of 2. The high 
pass filter G is defined by the following coefficients: 

g(n) h(l-n) (equ. 10) 

The relationship between the H and G filters results 
5 in a large saving when the filters are implemented in 
hardware. 

Figures 8 and 9 illustrate that these two filters H 
and G form a complementary pair that split an input signal 
into two half band output signals. Both the high and the 

10 low pass outputs can be sub-sampled by a factor of two 
without corrupting the high frequency information because 
any aliasing introduced by the sub-sampling will be 
corrected in the reconstruction. There are the same 
number of filtered data values as there are original image 

IS data values. 

The particular wavelet which is best in analyzing a 
signal under analysis is heavily dependent on the 
characteristics of the signal under analysis. The closer 
the wavelet resembles the features of the signal, the more 

20 efficient the wavelet representation of the signal will 
be. In addition, reconstruction errors introduced by 
quantization resemble the wavelet. Typically, the amount 
of aliasing varies with spatial support (the number of 
coefficients of the wavelet filters) . Long wavelets can 

25 be constructed such that aliasing between adjacent octave 
bands is minimized. However , the spatial equivalent of 
aliasing, overlap, increases with filter length. 
Conversely, short wavelets have little or no overlap 
spatially but exhibit large amounts of aliasing in the 

30 frequency domain. To properly determine the suitability 
of a wavelet for a particular application, these factors 
of size and shape must be considered. 

To apply the wavelet transform to image processing, 
the present invention employs a particular wavelet called 
35 the four coefficient Daubechies wavelet. Because the four 
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coefficient Daubechies wavelet has only four coefficients, 
it is very short. This is well-suited for analyzing 
important image features such as object edges. Edges by 
definition are spatially local discontinuities. Edges 
5 often consist of a wide spectral range which, when 
filtered through a high pass filter, give rise to 
relatively larger filtered outputs only when the analysis 
filter coincides with the edge. When the analysis filter 
does not coincide with the edge, relatively smaller 

10 filtered outputs are output by the filter. The shorter 
the analysis filter used, the more finely the spatial 
position of the edge is resolved. Longer filters produce 
more of the relatively larger data values to represent an 
edge. The shortness of the filter also makes the 

15 transform calculation relatively inexpensive to implement 
compared with that of longer filters or image 
transformations such as the Fourier or discrete cosine 
transforms. The four coefficient Daubechies wavelet was 
selected for use only after a careful analysis of both its 

20 spatial and aliasing characteristics. Longer wavelets 
such as the six coefficient Daubechies wavelet could, 
however, also be used if a more complex implementation 
were acceptable. Short filters such as the two 
coefficients Haar wavelet could also be used if the 

25 attendant high levels of noise were acceptable. 

The true coefficients of the four coefficient 
Daubechies wavelet are: 

The low pass four coefficient Daubechies digital 
30 filter is given by: 

h|^| = aD(x-l) + bD(x) + CD(X+1) - dD(x+2) (equ. 12) 

The high pass four coefficient Daubechies digital 
filter is given by: 
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G|-|j = dD(x-l) + cD(x) - bD(x+l) + aD(x+2) (equ. 13) 

In equations 12 and 13, D(x-l), D(x), D(x+1) and D(x+2) 
are four consecutive data values, h|-^| and are true 

perfect reconstruction filters, i.e. the inverse transform 
5 perfectly reconstructs the original data. For example, 
when the filters operate on data values D(l), D(2) , D(3) 
and D(4), outputs H(l) and G(l) are generated. Index x in 
this case would be 2- Due to the presence of the as 
the index for the filters H and G, the values of x can 

10 only be even integers. 

To simplify the computational complexity involved in 
performing the transformation on real data, the 
coefficients of the four coefficient Daubechios filter 
which are non-rational nximbers are converted into rational 

15 numbers which can be efficiently implemented in software 
or hardware. Floating point coefficients are not used 
because performing floating point arithmetic is time 
consuming and expensive when implemented in software or 
hardware. 

20 To convert the four Daubechies coefficients for 

implementation, three relationships of the coefficients a, 
b, c and d are important. In order for the H filter to 
have unity gain, the following equation must hold: 

a+b+c-d"l (equ. 14) 

25 In order for the G filter to reject all zero frequency 
components in the input data values, the following 
equation must hold: 

a-b+c + d==0 (equ. 15) 

In order for the resulting H and G filters to be able to 
3 0 generate a decomposition which is perfectly reconstruct- 
ible into the original image data the following equation 
must hold: 
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ac - bd = 0 



PCT/GB94/00677 
(egu, 16) 



True four coefficient Daubechies filters satisfy the above 
three equations 14, 15, and 16. However, when the 
coefficients of the true low and high pass four 
5 coefficient Daubechies filters are converted for 

implementation, at least one of the three relationships 
must be broken. In the preferred embodiment, unity gain 
and the rejection of all zero frequency components are 
maintained. It is the third relationship of equation 16 

10 that is compromised. Perfect reconstruction is 

compromised because the process of compressing image data 
itself inherently introduces some noise due to the tree 
coding and quantization of the present invention. The 
reconstructed data values therefore necessarily involve 

15 noise when a real-world image is compressed and then 

reconstructed. We define filters which satisfy equations 
14, and 15 and approximately satisfy equation 16, 
quasi-perfect reconstruction filters. 

Table 2 illustrates a process of converting the 

20 coefficients a, b, c and d for implementation. 



a - - .3415(32) • 10.92 = 

8 32 

b » ^ .5915(32) » 18.92 ^ ^ 

8 32 

C « 1^ * .1585(32) ^ 5,072 « 

8 32 

25 d » = .0915(32) = 2.928 = ^ 

8 32 

Table 2 

The true four coefficient Daubechies filter coefficients 
are listed in the left hand column of Table 2. In the 
next column to the right, the true coefficients are shown 
30 rounded to four places beyond the decimal point. The 
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rounded coefficients are scaled by a factor of 32 to 
achieve the values in the next column to the right. From 
each value in the third column, an integer value is 
selected. Which integers are selected has a dramatic 
5 effect on the complexity of the software or hardware which 
compresses the image data. The selected integers are 
divided by 3 2 so that the scaling by 3 2 shown in the 
second colximn does not change the values of the resulting 
converted coefficients. 

10 In selecting the integers for the fourth column, the 

relationship of the three equations 14, 15 and 16 are 
observed. In the case of a - 11/32, b = 19/32, c = 5/32 
and d = 3/32, the relationships a+b+c-d=l and a-b+c+d-0 
both are maintained. Because the converted coefficients 

15 in the rightmost column of Table 2 are quite close to the 
true coefficient values in the leftmost column, the 
resulting four coefficient filters based on coefficients 
a, b, c and d allow near perfect reconstruction. On a 
typical 640 by 480 image, the error between the original 

2 0 and reconstructed data values after forward and then 

inverse transformation has been experimentally verified to 
exceed 50 dB. 

The resulting high pass four coefficient quasi*. 
Daubechies filter is: 

25 H(|) = ^D(X-l) + ^D(X) + ^D(X+1) - ^D(X+2) (equ. 17) 

The resulting low pass four coefficient quasi-Daubechies 
filter is: 

G{f) = ii^lx-l) + -^D(X) - 4|D(X+1) + jiD(X+2) (equ. 18) 

Because the high and low pass four coefficient quasi- 
30 Daubechies filters satisfy equations 14 and 15 and 

approximately satisfy equation 16, the high and low pass 
four coefficient quasi-Daubechies filters are quasi- 
perfect reconstruction filters. 
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Note that the particular converted coefficients of 
the quasi-Daubechies filters of equations 17 and 18 result 
in significant coinputational simplicity when 
implementation is either software and/or hardware. 
5 Multiplications and divisions by factors of two such as 
multiplications and divisions by 32 are relatively simple 
to perform. In either hardware or software, a 
multiplication by 2 or a division by 2 can be realized by 
a shift • Because the data values being operated on by the 
10 digital filter already exist in storage when the filter is 
implemented in a typical system, the shifting of this data 
after the data has been read from storage requires little 
additional computational overhead. Similarly, changing 
the sign of a quantity involves little additional 
15 overhead. In contrast, multiplication and division by 
numbers that are not a power of 2 require significant 
overhead to implement in both software and hardware. The 
selection of the coefficients in equations 17 and 18 
allows H(x) and G(x) to be calculated with only additions 
20 and shifts. In other words, all multiplications and 

divisions are performed without multiplying or dividing by 
a number which is not a power of 2. Due to the digital 
filter sequencing through the data values, pipelining 
techniques can also be employed to reduce the numJDer of 
25 adds further by using the sums or differences computed 
when the filters were operating on prior data values. 

Moreover, the magnitudes of the inverse transform 
filter coefficients are the same as those of the transform 
filter itself. As described further below, only the order 
30 and signs of the coefficients are changed. This reduces 
the effective number of multiplications which must be 
performed by a factor of two when the same hardware or 
software implementation is to be used for both the forward 
and inverse transform. The fact that the signal being 
35 analyzed is being sub-sampled reduces the number of 
additions by a factor of two because summations are 
required only on the reading of every other sample. The 
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effective number of filters is therefore only one to both 
transform the data into the decomposition and to inverse 
transform the decomposition back into the image data. 

IMAGE COMPRESSION AND DECOMPRESSION USING THE 
5 QUASI-PERFECT RECONSTRUCTION TRANSFORM 

Color images can be decomposed by treating each Red- 
Green-Blue (or more usually each Luminance-Chrominance- 
Chrominance channel) as a separate image. In the case of 
Luminance-Chrominance-Chrominance (YUV or YIQ) images the 

10 chrominance components may already have been sub-sampled. 
It may be desirable therefore, to transform the 
chrominance channels through a different num±)er of octaves 
than the luminance channel • The eye is less sensitive to 
chrominance at high spatial freqruency and therefore those 

15 channels can be sub-sampled without loss of perceived 

quality in the output image. Typically these chrominance 
channels are sub-sampled by a factor of two in each 
dimension so that they together take only 50 percent of 
the bandwidth of the luminance channel. When implementing 

20 an image compression technique, the chrominance channels 
are usually treated the same way as the luminance channel. 
The compression technique is applied to the three channels 
independently. This approach is reasonable except in the 
special cases where very high compression ratios and very 

25 high quality output are required. To squeeze the last 
remaining bits from a compression technique or to achieve 
more exacting quality criteria, knowledge of how the 
chrominance rather than luminance values are perceived by 
the human visual system can be applied to improve the 

3 0 performance of the compression technique by better 
matching it with the human visual system. 

Figure 10 is an illustration of a two dimensional 
matrix of data values. There are rows of data values 
extending in the horizontal dimension and there are 

35 columns of data values extending in the vertical 

dimension- Each of the data values may, for example, be 
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an 8-bit binary number of image pixel information such as 
the luminance value of a pixel. The data values of Figure 
10 represent an iitiage of a black box 100 on a white 
background 101. 

5 To transform the data values of the image of Figure 

10 in accordance with one aspect of the present invention, 
a high pass four coefficient quasi-Daubechies digital 
filter is run across the data values horizontally, row by 
row, to result in a block 102 of high pass output values G 
10 shown in Figure 11. The width of the block 102 of high 
pass output values in Figure 11 is half the width of the 
original matrix of data values in Figure 10 because the 
high pass four coefficient quasi-Daubechies digital filter 
is moved across the rows of the data values by twos, 
15 Because only one additional digital filter output is 

generated for each additional two data values processed by 
the digital filter, the data values of Figure 10 are said 
to have been sub-sampled by a factor of two. 

Figure 12 illustrates the sub-sampling performed by 
20 the high pass digital filter. High pass output G, is 

generated by the high pass digital filter from data values 
Dj, D2, Dj and D4. The next high pass output generated, 
output Gj, is generated by the high pass digital filter 
from data values D3, D4, D, and D^. The high pass digital 
25 filter therefore moves two data values to the right for 
each additional high pass output generated. 

A low pass four coefficient quasi-Daubechies digital 
filter is also run across the data values horizontally, 
row by row, to generate H block 103 of the low pass 
3 0 outputs shown in Figure 11. This block 103 is generated 
by sub-sampling the data values of Figure 10 in the same 
way the block 102 was generated. The H and G notation for 
the low and high pass filter outputs respectively is used 
as opposed to the Sj and Oj notation used by Mallat to 
3 5 simplify the description of the two-dimensional wavelet 
transform. 

Figure 13 illustrates the sub-sampling of the low 
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pass digital filter. Low pass output H| is generated by 
the low pass digital filter from data values Di, D2, D3 and 
D4. The next low pass output generated, output H^, is 
generated by the low pass digital filter from data values 
5 D3, D4, D5 and D^, The low pass digital filter therefore 
moves two data values to the right for each additional low 
pass output generated. 

After the high and low pass four coefficient guasi- 
Daubechies digital filters have generated blocks 102 and 

10 103, the high and low pass four coefficient guasi- 

Daubechies digital filters are run down the colmnns of 
blocks 102 and 103. The values in blocks 102 and 103 are 
therefore sub-sampled again. The high pass four 
coefficient guasi-Daubechies digital filter generates 

IS blocks 104 and 105. The low pass foxir coefficient quasi- 
Daubechies digital filter generates blocks 106 and 107. 
The resulting four blocks 104-107 are shown in Figure 14. 
Block 106 is the low frequency component of the original 
image data. Blocks 107, 104 and 105 comprise the high 

20 frequency component of the original image data. Block 106 
is denoted block HH. Block 107 is denoted block GH. 
Block 104 is denoted block HG. Block 105 is denoted block 
GG. 

This process of running the high and low pass four 
25 coefficient quasi-Daubechies digital filters across data 
values both horizontally and vertically to decompose data 
values into high and low frequency components is then 
repeated using the data values of the KH block 106 as 
input data values. The result is shown in Figure 15. 
3 0 Block 108 is the low frequency component and is denoted 
block HHHH. Blocks 109, 110 and 111 comprise octave 1 of 
the high frequency component and are denoted HHHG, HHGH, 
HHGG, respectively. Blocks HG, GH and GG comprise octave 
0 of the high frequency component. 
35 Although this recursive decomposition process is only 

repeated twice to produce high pass component octaves 0 
and 1 in the example illustrated in connection with 
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Figures 10-15, other numbers of recursive decomposition 
steps are possible. Recursively decomposing the original 
data values into octaves 0, 1, 2 and 3 has been found to 
result in satisfactory results for imost still image data 
5 and recursively decomposing the original data into octaves 
0, 1, and 2 has been found to result in satisfactory 
results for most video image data. 

Moreover, the horizontal and subsequent vertical 
operation of the high and low pass filters can also be 
10 reversed. The horizontal and subsequent vertical sequence 
is explained in connection with this example merely for 
instructional purposes. The filters can be moved in the 
vertical direction and then in the horizontal direction. 
Alternatively, other sequences and dimensions of moving 
15 the digital filters through the data values to be 
processed is possible. 

It is also to be understood that if the original 
image data values are initially arrayed in a two 
dimensional block as shown in Figure 10, then the 
20 processing of the original image data values by the high 
and low pass filters would not necessarily result in the 
HH values being located all in an upper right hand 
quadrant as is shown in Figure 14. To the contrary^ 
depending on where the generated HH values are written, 
25 the HH data values can be spread throughout a block. The 
locations of the HH values are, however, determinable. 
The HH values are merely illustrated in Figure 14 as being 
located all in the upper lefthand quadrant for ease of 
illustration and explanation. 
30 Figure 16 is an illustration showing one possible 

twelve-by-twelve organization of original image data 
values in a two dimensional array. Figure 16 corresponds 
with Figure 10. The location in the array of each data 
value is determined by a row number and column number. A 
3 5 row number and column number of a data value may, for 

example, correspond with a row address and column address 
in an addressed storage medium. This addressed storage 
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medium may, for example, be a semiconductor memory, a 
magnetic storage medium, or an optical storage medium. 
The row and column may, for example, also correspond with 
a pixel location including a location of a pixel on a 
5 cathode-ray tube or on a flat panel display. 

Figure 17 is an illustration showing the state of the 
two dimensional array after a one octave decomposition. 
The HH low frequency components are dispersed throughout 
the two dimensional array as are the HG values, the GH 

10 values, and the GG values. The subscripts attached to the 
various data values in Figure 17 denote the row and column 
location of the particular data value as represented in 
the arrangement illustrated in Figure 14. HH^, HHoi, HH^, 
HHflo, HHo« and HHo,, for example, are six data values which 

15 correspond with the top row of data values in HH block 106 
of Figxire 14. HHqo/ HH,or HH^o, HHjo/ HH40 and KHjo, for 
example, are six data values which correspond with the 
leftmost column of data values in HH block 106 of Figure 
14, 

20 When the high and the low pass forward transform 

digital filters operate on the four data values Doi, D^/ Dqj 
and Doi of Figure 16, the output of the low pass forward 
transform digital filter is written to location row 0 
column 2 and the output of the high pass forward transform 

25 digital filter is written to location row 0 column 3. 
Next, the high and low pass forward transform digital 
filters are moved two locations to the right to operate on 
the data values Dq,, Dq^, and Dq^. The outputs of the low 
and high pass forward transform digital filters are 

3 0 written to locations row 0 column 4 and row 0 column 5, 
respectively. Accordingly, the outputs of the low and 
high frequency forward transform digital filters are 
output from the filters to form an interleaved sequence of 
low and high frequency component data values which 

35 overwrite the rows of data values in the two dimensional 
array. 

Similarly, when the low and high pass forward 
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transform digital filters operate on the four data values 
at locations column 0, rows 1 through 4, the output of the 
low pass forward transform digital filter is written to 
location column 0 row .2 . The output of the high pass 
5 forward transform digital filter is written to location 
column 0 row 3. Next the low and high pass forward 
transform digital filters are moved two locations downward 
to operate on the data values at locations column 0, rows 
3 through 6, The outputs of the low and high pass forward 

10 transform digital filters are written to locations column 
0 row 4 and column 0 row 5, respectively. Again, the 
outputs of the low and high pass forward transform digital 
filters are output from the filters in an interleaved 
fashion to overwrite the columns of the two dimensional 

15 array. 

Figure 18 is an illustration showing the state of th« 
two dimensional array after a second octave decomposition. 
The HHHH low frequency components corresponding which 
block 108 of Figure 15 as well as the octave l high 
2 0 frequency components HHGH, HHHG and HHGG are dispersed 
throughout the two dimensional array. When the HH values 
H^i/ HHo2, ™^a3 and HHq, of Figure 17 are processed by the 
low and high pass forward transform digital filters, the 
outputs are written to locations row 0 column 4 and row 0 
2 5 column 6, respectively. Similarly, when the values at 
locations column 0, rows 2, 4, 6 and 8 are processed by 
the low and high pass forward transform digital filters, 
the results are written to locations colxum 0 row 4 and 
column 0 row 6, respectively. The data values in Figure 
30 18 are referred to as transformed data values. The 
transformed data values are said to comprise the 
decomposition of the original image values. 

This method of reading data values, transforming the 
data values, and writing back the output of the filters is ' 
35 easily expanded to a two dimensional array of a very large 
size, only a relatively small number of locations is 
shown in the two dimensional array of Figures 10-18 for 
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ease of explanation and clarity of illustration. 

The transformed data values are reconverted back into 
image data values substantially equal to the original 
image data by carrying out a reverse process. This 
5 reverse process is called the inverse transform. Due to 
the interleaved nature of the decomposition data in Figure 
18, the two digital filters used to perform the inverse 
transform are called interleaved inverse transform digital 
filters. Odd data values are determined by an odd 
10 interleaved inverse digital filter 0. Even data values 
are determined by the even interleaved inverse transform 
digital filter E. 

The odd and even interleaved inverse digital filters 
can be determined from the low and high pass forward 
15 transform digital filters used in the forward transform 
because the coefficients of the odd interleaved inverse 
transform digital filters are related to the coefficients 
of the low and high pass forward transform filters • To 
determine the coefficients of the odd and even interleaved 
20 inverse transform digital filters, the coefficients of the 
low and high pass forward transform digital filters are 
reversed. Where the first, second, third and fovirth 
coefficients of the low pass forward transform digital 
filter H of equation 17 are denoted a, b, c and -d, the 
25 first, second, third and fourth coefficients of a reversed 
filter H* are denoted --d, c, b and a. Similarly, where 
the first, second, third and fourth coefficients of the 
high pass forward transform digital filter G of equation 
18 are denoted d, c, -b and a, the first, second, third 
30 and fourth coefficients of a reverse filter G* are denoted 
a, -b, c and d. 

The first through the fourth coefficients of the even 
interleaved inverse transform digital filter E are the 
first coefficient of H*, the first coefficient of G*, the 
35 third coefficient of H*, and the third coefficient of G*. 
The coefficients of the even interleaved inverse transform 
digital filter E therefore are -d, a, b and c. In the 
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case of the low and high pass four coefficient quasi- 
Daubechies filters used in the transfonn where a=i2, b=ii 
c=^ and d=A, the even interleaved inverse transfonn 
digital filter is: 



D{2x) 

2 =-^H(x-l) + iiG(x.l) + iiH(X) + ^G(x) (equ. 19) 



where H(x-l), G{x-i), H(x) and G(x) are transformed data 
values of a decomposition to be inverse transformed. 

The first through the fourth coefficients of the odd 
interleaved inverse transfonn digital filter O are the 

10 second coefficient of H*, the second coefficient of G*, 
the fourth coefficient of H*, and the fourth coefficient 
of G*. The coefficients of the odd interleaved inverse 
transfonn digital filter 0 therefore are c, -b, a and d. 
In the case of the low and high pass four coefficient 

15 guasi-Daubechies filters used in the transfonn where a=ii, 

^■H' ^""-h ^-JS' interleaved inverse transform 

digital filter is: 

D(2.x--l) 

2 - ^H(x-l) - liG(x-l) + j|H(x) + ^G(X) (equ. 20) 

where H(x-l) , G(x-l), H{x) and G(x) are data values of a 
20 decomposition to be inverse transformed. 

To inverse transform the transformed data values of 
Figure 18 into the data values of Figure 17, the HHHG, 
HHGG, HHGH and data values are inverse transformed with 
the HHHH data values to create the HH data values of 
25 Figure 17. This process corresponds with the inverse 
transformation of HHHG block 109, HHGH block 110, HHGG 
block 111, and HHHH block 108 of Figure 15 back into the 
HH data values of block 106 of Figure 14. The HG, gh and 
GG data values of Figure 18 are therefore not processed by 
30 the odd and even interleaved inverse transform digital 
filters in this step oi the inverse transform. 
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m Figure 18, the odd interleaved inverse transform 
digital filter processes the values in locations coluan 0, 
rows 0, 2, 4 and 6 to generate the odd data value at 
location column 0 row 2. The even interleaved inverse 
5 transform digital filter data also processes the values in 
the same locations to generate the even data value at 
location column 0 row 4. The odd and even interleaved 
inverse transform digital filters then process the values 
in locations column 0, rows 4. 6, 8 and A to generate the 
10 values at locations coluan 0 row 6 and column 0 row 8, 
respectively. Each of the six columns 0, 2, 6, 4, s/and 
A Of the values of Figure 18 are processed by the'odd and 
even interleaved inverse transform digital filters in 
accordance with this process. 
15 The various locations are then processed again by the 

odd and even interleaved Inverse transform digital 
filters, this time in the horizontal direction. The odd 
and even interleaved inverse transform digital filters 
process the values at locations row 0 columns 0, 2, 4 and 
20 6 to generate the values at locations row 0 column '2 and 
row 0 coluan 4, respectively. The odd and even 
interleaved inverse transform digital digital filters 
process the values at locations row 0 columns 4, 6, 8 and 
A to generate the values at locations row 0 column 6 and 
25 row 0 column 8, respectively. Each of the six rows 0, 2, 
4 and 8 and of values arc processed by the even and odd 
interleaved inverse transform digital filters in 
accordance with this process. The result is the 
reconstruction shown in Figure 17, 
3 0 The even and odd interleaved inverse transform 

digital filters then process the values shown in Figure 17 
into the data values shown in Figure 16. This inverse 
transformation corresponds with the transformation of the 
HH block 106, the HG bock 104, the GH block 107 and the GG 
35 block 105 of Figure 14 into the single block of data value 
of Figure 10. The resulting reconstructed data values of 
Figure 16 are substantially equal to the original image 
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data values. 

Note, however, that in the forward transform of the 
data values of Figure 16 into the data values of Figure 17 
that the low and high pass four coefficient qruasi- 
5 Daubechies digital filters cannot generate all the data 
values of Figure 17 due to the digital filters requiring 
data values which are not in the twelve by twelve matrix 
of data values of Figure 16. These additional data values 
are said to be beyond the "boundary" of the data values to 
10 be transformed. 

Figure 19 illustrates the high pass four coefficient 
quasi-Daubechies digital filter operating over the 
boundary to generate the Go data value. In order to 
generate the G© data value in the same fashion that the 
15 other high frequency G data values are generated, the high 
pass digital filter would require data values D.j, Dq, D| 
and as inputs. Data value D.,, however, does not exist. 
Similarly, Figure 20 illustrates the low pass four 
coefficient quasi-Daubechies digital filter operating over 
20 the boundary to generate the Ho data value. In order to 
generate the Hq data value in the same fashion that the 
other low frequency H data values are generated, the low 
pass digital filter would require data values D.j^ Dq^ D, 
and as inputs. Data value D.,, however, does not exist. 
25 The present invention solves this boundary problem by 

using additional quasi-Daubechies digital filters to 
generate the data values adjacent the boundary that would 
otherwise require the use of data values outside the 
boundary. There is a high pass "start** quasi-Daubechies 
30 forward transform digital filter G, which is used to 
generate the first high pass output Go. There is a low 
pass "start" quasi-Daubechies forward transform digital 
filter H, which is used to generate the first low pass 
output Ho. These start quasi-Daubechies forward transform 
35 digital filters are three coefficient filters rather than 
four coefficient filters and therefore require only three 
data values in order to generate an output. This allows 
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the start quasi-Daubechies forward transform digital 
filters to operate at the boundary and to generate the 
first forward transform data values without extending over 
the boundary. 

5 Figure 21 illustrates the low and high pass start 

quasi-Daubechies forward transform digital filters 
operating at the starting boundary of image data values Dq 
through Dg. The three coefficient low and high pass start 
quasi-Daubechies forward transform digital filters operate 

10 on data values Do, D, and Dj to generate outputs Hq and Go, 
respectively. H,, H^, and H4, on the other hand, are 
generated by the low pass four coefficient quasi- 
Daubechies forward transform digital filter and G,, Gj, G, 
and G4 are generated by the high pass four coefficient 

15 quasi-Daubechies forward transform digital filter. 

A similar boundary problem is encountered at the end 
of the data values such as at the end of the data values 
of a row or a column of a two-dimensional array. If the 
low and high pass four coefficient guasi-Daxibechies 

2 0 filters G and H are used at the boundary in the same 

fashion that they are in the middle of the data values, 
then the four coefficient quasi-Daubechics forward 
transform digital filters would have to extend over the 
end boundary to generate the last low and high pass 
25 outputs, respectively. 

The present invention solves this boundary problem by 
using additional quasi-Daubechies forward transform 
digital filters in order to generate the transformed data 
values adjacent the end boundary that would otherwise 

3 0 require the use of data outside the boundary. There is a 

low pass "end" quasi-Daubechies forward transform digital 
filter H, which is used to generate the last low pass 
output. There is a high pass "end" quasi-Daubechies 
forward transform digital filter G, which is used to 
35 generate the last high pass output. These two end quasi- 
Daubechies forv^ard transform digital filters are three 
coefficient filters rather than four coefficient filters 
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and therefore require only three data values in order to 
generate an output. This allows the end quasi-Daubechies 
forvard transform digital filters to operate at the 
boundary and to generate the last transform data values 
5 without extending over the boundary. 

Figure 21 illustrates two low and high pass end 
quasi-Daubechies forward transform digital filters 
operating at the end boundary of the image data. These 
three coefficient low and high pass end quasi-Daubechies 
10 forward transform digital filters operate on data values 
D9, Da and to generate outputs H, and G5, respectively. 
This process of using the appropriate start or end low or 
high pass filter is used in performing the transformation 
at the beginning and at the end of each row and column of 
15 the data values to be transformed. 

The form of the low pass start quasi-Daubechies 
forward transform digital filter H, is determined by 
selecting a value of a hypothetical data value D., which 
would be outside the boundary and then determining the 
20 value of the four coefficient low pass quasi-Daubechies 
forward transform filter if that four coefficient forward 
transform filter were to extend beyond the boundary to the 
hypothetical data value in such a way as would be 
necessary to generate the first low pass output Ho. This 
25 hypothetical data value D., outside the boundary can be 
chosen to have one of multiple different values. In some 
embodiments, the hypothetical data value D.| has a value 
equal to the data value Dq at the boundary. In some 
embodiments, the hypothetical data value D.i is set to zero 
30 regardless of the data value Do. The three coefficient low 
pass start quasi-Daubechies forward transform digital 
filter H, therefore has the form: 

Ho - Kl + bDo + cD| - dDj (equ. 21) 



where Kl is equal to the product aD.,, where Dq is the first 
3 5 data value at the start boundary at the start of a 
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sequence of data values, and where a, b, c and d are the 
four coefficients of the four coefficient low pass quasi- 
Daubechies forward transform digital filter. If, for 
example, hypothetical data value D., is chosen to be equal 
5 to the data value adjacent but within the boundary, then 
Kl=aDo where a = 11/32 and Do is the data value adjacent 
the boundary, equation 21 then becomes: 

Ho = (a+b)Do + cDj - dD, (equ. 22) 

The form of the high pass start quasi-Daubechies 
10 forward transform digital filter G, is determined by the 
same process using the same hypothetical data value D.,, 
The high pass start quasi-Daubechies forward transform 
digital filter G, therefore has the form: 

Go - K2 + cDo - bD, + aDj (oqu. 23) 

IS where K2 is equal to the product dD.,, where Dq is the first 
data value at the boundary at the start of a sec[uence of 
data values, and where a, b, c and d are the four 
coefficients of the four coefficient high pass quasl- 
Daubechies forward transform digital filter. If 

2 0 hypothetical data value D., is chosen to be equal to D^, 
then equation 23 becomes: 

Go = (d + c)Do - bD, + aDj (equ. 24) 

The form of the low pass end quasi-Daubechies forward 
transform digital filter H, is determined in a similar way 

25 to the way the low pass start quasi-Daubechies forward 

transform digital filter is determined. A value of a data 
value Oe is selected which would be outside the boundary. 
The value of the four coefficient low pass quasi- 
Daubechies forward transform digital filter is then 

30 determined as if that four coefficient filter were to 
extend beyond the boundary to data value Dc in such a way 
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as to generate the last low pass output Hj. Thm three 
coefficient low pass end quasi-Daubechies forward 
transform digital filter therefore has the form: 

H5 = aD, + bD^ + cDb - K3 (egu, 25) 

5 where K3 is equal to the product dDc, where Dg is the last 
data value of a sequence of data values to be transformed, 
and where a, b, c and d are the four coefficients of the 
four coefficient low pass quasi-Daubechies filter. is 
the last data value in the particular sequence of data 
10 values of this example and is adjacent the end boundary. 
In the case where the hypothetical data value is chosen 
to be equal to the data value Dg adjacent but within the 
end boundary, then K3=dDB and equation 25 becomes: 

H5 = aD, + bD^ + (c-d)DB (equ. 26) 

15 The form of the high pass end quasi-Daubechies 

forward transform digital filter is determined by the 
same process using the same data value Dc. The three 
coefficient high pass end guasi-Daubechies forward 
transform digital filter therefore has the form: 

20 G5 = dD, + cDa - bDe + K4 (egu. 27) 

where K4 is equal to the product aD^, where is the last 
data value in this particular sequence of data values to 
be transformed, and where a, b, c and d are the four 
coefficients of the four coefficient high pass quasi- 
25 Daubechies forward transform digital filter. is 
adjacent the end boundary. If hypothetical data value 
is chosen to be equal to D^, then equation 27 becomes: 

Gj = dD, + cD^ + (-b+a)DB (equ. 28) 

It is to be understood that the specific low and high 
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pass end quasi-Daubechies forward transform digital 
filters are given above for the case of data values Dq 
through Db of Figure 21 and are presented merely to 
illustrate one way in which the start and end digital 
5 filters may be determined. In the event quasi-Daubechies 
filters are not used for the low and high pass forward 
transform digital filters, the same process of selecting a 
hypothetical data value or values outside the boundary and 
then determining the value of a filter as if the filter 

10 were to extend beyond the boundary can be used. In some 
embodiments, multiple hypothetical data values may be 
selected which would all be required by the digital 
filters operating on the inside area of the data values in 
order to produce an output at the boundary. Thia boundary 

15 technique is therefore extendable to various types of 
digital filters and to digital filters having nuimbers of 
coefficients other than four. 

As revealed by Figure 22, not only does the forward 
transformation of data values at the bovmdary involve a 

20 boundary problem, but the inverse transformation of the 
transformed data values back into original image data 
values also involves a boundary problem. In the present 
example where four coefficient quasi-Daubechies filters 
are used to forward transform non-boundary data values, 

25 the inverse transform involves an odd inverse transform 
digital filter as well as an even inverse transform 
digital filter. Each of the odd and even filters has four 
coefficients. The even and odd reconstruction filters 
alternatingly generate a sequence of inverse transformed 

30 data values. 

In Figure 22, the data values to be transformed are 
denoted Ho, Go ... H^, G4, H5, G5. Where the forward 
transform processes the rows first and then the columns, 
the inverse transform processes the columns first and then 

35 the rows. Figure 22 therefore shows a column of 

transferred data values being processed in a first step of 
the inverse transform. Both the forward and the inverse 
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transforms in the described example, however, process the 
columns in a dov/nward direction and process the rows in a 
left-right direction. 

In Figure 22, the inverse transformed data values 
5 reconstructed by the inverse transform digital filters are 
denoted Do, Dj, Dj, D3 . . . Dg. The odd inverse transform 
digital filter outputs are shown on the left and the even 
inverse transform digital filter outputs are shown on the 
right. 

10 At the beginning of the sequence of data values Ho, 

Go/ H,, Gj ... H5 and G3 to be inverse transformed^ the four 
coefficient odd and even inverse transform digital filters 
determine the values of reconstructed data values Dj and 
using values Ho, Go, H, and G,, respectively. Reconstructed 

15 data value Dq, however, cannot be reconstructed from the 
four coefficient even inverse transform digital filter 
without the four coefficient even inverse transform 
digital filter extending beyond the boundary. If the four 
coefficient even inverse transform filter were to be 

20 shifted two data values upward so that it could generate 
data value Do, then the even four coefficient inverse 
transform digital filter would require two additional data 
values to be transfonned, data values G.i and H,,. Ho is, 
however, the first data value within the boundary and is 

25 located adjacent the boundary. 

To avoid the even four coefficient inverse transform 
digital filter extending beyond the boundary, a two 
coefficient inverse transform digital filter is used: 

Do = 4[(b-a)Ho + (c-d)Go] (equ. 29) 

3 0 in the case where Kl = aDoand K2 « dDo. Do is the first 
data value and Hq is the data value to be inverse 
transformed adjacent the start boundary. This even start 
inverse transform digital filter has the form of the four 
coefficient even inverse transform digital filter except 

3 5 that the G., data value outside the boundary is chosen to 
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be equal to Ho, and the H., data value outside the boundary 
is chosen to be equal to Gq. The even start invere 
transform digital filter therefore determines Dq as a 
function of only H<, and Gq rather than as a function of H,^, 
5 G.,, Ho and Gq. 

Similarly, a two coefficient odd end inverse ^ 
transform digital filter is used to avoid the four 
coefficient odd inverse transform digital filter from 
extending beyond the end boundary at the other boundary of 
10 a sequence of data values to be inverse transformed. The 
two coefficient odd end inverse transform digital filter 
used is: 

Db - 4[(c+d)H3 - (aH^b)G3] (equ. 30) 

in the case where K4 » aDg and K3 - dDg* Dg is the data 
15 value to be determined and G5 is the data value to be 
inverse transformed adjacent the end boundary. This odd 
end inverse transform digital filter has the form of the 
four coefficient odd inverse transform digital filter 
except that the data value outside the boundary is 

2 0 chosen to be equal to G5 and the G^ data value outside the 

boundary is chosen to be equal to H^. The odd end inverse 
transform digital filter therefore determines Dg as a 
function of only H5 and G5 rather than as a function of H5, 
G5, and G5. 

25 It is to be understood that the particular even start 

and odd end inverse transform digital filters used in this 
embodiment are presented for illustrative purposes only. 
Where there is a different number of data values to be 
inverse transformed in a sequence of data values, an even 

3 0 end inverse transform digital filter may be used at the 

boundary rather than the odd end inverse transform digital 
filter. The even end inverse transform digital filter is 
an even inverse transform digital filter modified in 
accordance with the above process to have fewer 
35 coefficients than the even inverse transform digital 
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filter operating on the inner data values. Where filters 
other than quasi-Daubechies inverse transform digital 
filters are used; start and end inverse transform digital 
filters can be generated from the actual even and odd 
5 inverse transform digital filters used to inverse 
transform data values which are not adjacent to a 
boundary. In the inverse transform, the start inverse 
transform digital filter processes the start of the 
transformed data values at the start boundary, then the 

10 four coefficient inverse transform digital filters process 
the non-boundary transformed data values, and then the end 
inverse transform digital filter processes the end of the 
transformed data values. 

The true Daubechies filter coefficients a, b, c and d 

15 fulfil some simple relationships which show that the 
inverse transform digital filters correctly reconstruct 
non-boundary original image data values. 

a+c - 1, b-d 1, c+d = 1, b-a = 1 (equ. 31) 
and the second order equations: 

20 ac-bd « 0, a^+b^+c^+d' = 1 (equ. 32) 

Take two consecutive H,G pairs: 

"(f) ^ aD(X-l)4bD(x)+cD(x+l)-dD(x+2) (equ. 33) 

Gj-|J = dD(x-l)+cD(x)-bD(x+l)+aD(x+2) (equ. 34) 

h|^^iJ - aD(x+l)+bD(x+2)+cD(x+3)-dD(x+4) (equ. 35) 

25 ^("f dD(x+l)+cD(x+2)-bD(x+3)+aD(x+4) (equ. 36) 



Multiplying Equations 33 to -36 using the inverse transform 
digital filters gives: 
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acD (x-1) +bcD (X) +c^D (X+1 ) -cdD (x+2) 


(egu. 


37) 


-(f) 


= -bdD (x-1) -bcD(x) +b'D (x+1) -abD (x+2) 


(egu. 


38) 




= a^D ( x+1 ) +abD ( x+2 ) +acD ( x+3 ) -adD ( x+4 ) 


(egu. 


39) 




= d^D ( x+ 1 ) +cdD ( x+2 ) -bdD ( x+ 3 ) +adD ( x+4 ) 


(egu. 


40) 


-(f) ■ 


= -adD(x-l)-bdD(x)-cdD(x+l) +d'D(x+2) 


(egu. 


41) 


"(f) = 


adD(x-l)+acD(x)-abD(x+l)+a*D(x+2) 


(equ. 


42) 


bH(|.l) 


= abD (x+1 ) +b^D (x+2 ) +bcD (x+3 ) -bdD (x+4 ) 


(equ. 


43) 


==(f-^ 


= cdD (x+1 ) +c'D (x+2 ) -bcD (x+3 ) +acD (x+4 ) 


(equ. 


44) 



Sxiaaning equations 37-40 and 41-44 yields: 



10 c„(|) - . ,„/|n) . aG(|.i) . 

(ac-bd)D(x-l) + (aW+c'+d*)D(x+l) + (ac-bd)D(x+3) = D(x+l)/2 

(equ. 45) 

-dH(|) . a<:(|) . >,h||.i) * ==(1.1) . 

(ac-bd)D(x) + (aW+e+d')D(x+2) + (ac-bd)D(x+4) = D(x+2)/2 

(equ. 46) 

Using the coefficients of the four coefficient true 
Daubechies filter, the relationships of equations 31 and 
32 hold. Equations 45 and 46 therefore show that with a 
one bit shift at the output, the original sequence of data 

2 0 values is reconstructed. 

Similarly, that the even start reconstruction filter 
of equation 29 and the odd end reconstruction filter of 
equation 3 0 correctly reconstruct the original image data 
adjacent the boundaries is shown as follows. 

2 5 For the even start filter, with the choice of Kl « aDo 

and K2 » dDo in equations 29 and 30, we have: 
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Ho = (a+b)Do ^ CD, - dDj (egu. 47) 

Go » (c+d)Do - bD, + aDj (egu. 48) 

so 

bHo = b(a+b)Do + cbD, - dbD, (equ. 49) 

S cGo = c(c+d)Do - CbD, + acDj (equ. 50) 

aHo = a(a+b)Do + acD, - adD, (equ. 51) 

dGo = d(c+d)Do - dbD, + adD, (equ. 51') 
and henca: from equation 29: 

bHo + cGo - aHo - dGo - (b'-aW-d2)Do ■= ^ (equ. 52) 

4 

10 For the odd end filter, with the choice of K, « dDj 

and K4 = aDg, we have: 

H5 « aD, + bD^ + (c-d)DB (equ, 53) 

= dD, + cD^ + (a-b)DB (equ, 54) 

CH3 - acD, + bcDx + c(c-d)DB (equ. 55) 

15 -bGs = -bdD, - bcD^ - b(a-b)DB (equ. 56) 

dH5 = daD9 + + d(c-d)DB (equ. 57) 

-aG, « -adD9 • • a(a-b)DB (equ. 58) 

and hence from equation 30: 

(c+d)H5 - (a+b)G5 - (c^-d^+b^-a^) Dg = — (equ. 59) 

4 
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This reveals that the start and end boundary inverse 
transform digital filters can reconstruct the boundary 
data values of the original image when low pass and high 
pass start and end digital filters are used in the forward 
5 transform* 

TREE ENCODING AND DECODING 
As described above, performing the forward quasi- 
perfect inverse transform does not reduce the number of 
data values carrying the image infonnation. Accordingly, 
10 the decomposed data values are encoded such that not all 
of the data values need be stored or transmitted. The 
present invention takes advantage of characteristics of 
the Human Visual System to encode more visually important 
information with a relatively larger number of bits while 
15 encoding less visually important infonnation with a 
relatively smaller number of bits* 

By applying the forward quasi-perfect inverse 
transform to a two-dimensional array of image data values, 
a number of sub-band images of varying dimensions and 

2 0 spectral contents is obtained. If traditional sub-band 

coding were used, then the sub-band images would be 
encoded separately without reference to each other except 
perhaps for a weighting factor for each band. This 
traditional sub-band encoding method is the most readily- 
25 recognized encoding method because only the spectral 
response is accurately localized in each band. 

In accordance with the present invention, however, a 
finite support wavelet is used in the analysis of an 
image, so that the sub-bands of the decomposition include 

3 0 spatially local information which indicate the spatial 

locations in which the frequency band occurs. Whereas 
most sub-band encoding methods use long filters in order 
to achieve superior frequency separation and maximal stop 
band rejection, the filter used in the present invention 
35 has compromised frequency characteristics in order to 
maintain good spatial locality- 



wo 94/23385 



- 46 - 



PCT/GB94/00€77 



Images can be thought of as coBiprising three 
ccinponents: background intensities, edges and textures. 
The forward quasi-perfect inverse transform separates the 
background intensities (the low pass luminance and 
5 chrominance bands) from the edge and texture information 
contained in the high frequency bands. Ideally, enough 
bandwidth would be available to encode both the edges and 
the textures so that the image would reconstruct 
perfectly. The compression due to the encoding would then 

10 be entirely due to removal of redundancy within the 
picture. If, however, the compressed data is to be 
transmitted and/or stored at low data transmission rates, 
some visual information of complex images must be lost. 
Because edges are a visually important image feature, the 

15 encoding method of the present invention locates and 

encodes information about edges or edge-like features for 
transmission or storage and places less importance on 
encoding tcxtural information. 

There are no exact definitions of what constitutes an. 

20 edge and what constitutes textxire. The present invention 
uses a definition of an edge that includes many types of. 
textures. An edge or an edge-like feature is defined as a 
spatially local phenomenon giving rise to a sh2a:p 
discontinuity in intensity^ the edge or edge-like feature 

25 having non-zero spectral components over a range of 

frequencies. Accordingly, the present invention uses a 
frequency decomposition which incorporates spatial 
locality and which is invertible. The wavelet transform 
realized with quasi-perfect inverse transform digital 

30 filters meets these requirements. 

Because an edge has non-zero components over a range 
of frequencies of the decomposition in the same locality, 
an edge can be located by searching through the wavelet 
decomposition for non-zero data values that represent 

3 5 edges. The method begins searching for edges by examining 
the low frequency sub-bands of the decomposition. These 
bands have only a small number of data values because of 
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the subsampling used in the wavelet transform and because 
the spatial support of each low frequency data value is 
large. After a quick search of the lowest freq\jency sub- 
bandS; the positions of potential edges are determined. 
5 Once the locations of the edges are determined in the 
lowest frequency sub-bands, these locations can be 
examined at a higher frequency resolutions to confirm that 
the edges exist and to more acciirately determine their 
spatial locations. 

10 Figure 23 illustrates an example of a one-dimensional 

binary search. There are three binary trees arranged from 
left to right in the decomposition of Figure 23. There 
are three octaves, octaves 0, 1 and 2, of decomposed data 
values in Fig\ire 23. The low pass component is not 

15 considered to be an octave of the decomposition because 
most of the edge information has been filtered out. 
Figures 24A-24D illustrate the forward transformation of a 
one-dimensional sequence of data values D into a sequence 
of transformed data values such as the tree structure of 

20 Figure 23, The data values of the sequence of Figure 24A 
are filtered into low and high frequency components H and 
G of Figure 24B. The low frequency component of Figure 
24B is then filtered into low and high frequency 
components HH and HG of Figure 2 4C. The low frequency 

25 component HH of Figure 24C is then filtered into low and 
high frequency components HHH and HHG. The transformed 
data values of HHH block 24 0 of Figure 2 4D correspond with 
the low frequency component data values A, G and M of 
Figure 23. The transformed data values of HHG block 241 

30 of Figure 24D correspond with the octave 2 data values B, 
H and N of Figure 23. The transformed data values of HG 
block 242 of Figure 24D correspond with the octave 1 data 
values of Figure 23. Similarly, the transformed data 
values of G block 2 43 correspond with the octave 0 data 
35 values of Figure 23. Although only three trees are shown 
in Figure 23, the number of HHH data values in block 240 
can be large and the size of the tree structure of Figure 
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23 can extend in the horizontal dimension in a 
corresponding manner. 

The encoding of a one dimensional wavelet 
decomposition such as the decomposition of Figure 23 is 
5 performed in similar fashion to a binary tree search. The 
spatial support of a given data value in a given frequency 
band is the same as two data values in the octave above it 
in frequency. Thus the wavelet decomposition is 
visualized as an array of binary trees such as is 
10 illustrated in Figure 23, each tree representing a spatial 
locality. The greater the number of transform octaves, 
the higher the trees extend upward and the fewer their 
number . 

AS illustrated in Figure 23, each of the data values 
15 of the decomposition represents a feature which is either 
"interesting" to the human visual system, or it represents 
a feature that is "non- interesting" to the human visual 
system. A data value representing an edge of an object in 
an image or an edge-like feature is an example of an 
20 "interesting" data value. The encoding method is a depth 
first search, which starts at the trunk of a tree, ascends 
up the branches of the tree that are interesting, and 
terminates at the non-interesting branches. After all the 
branches of a tree have been ascended until a non- 
25 interesting data value is encountered or until the top of 
the branch is reached, the encoding of another tree is 
begun* Accordingly, as the encoding method follows the 
interesting data values of Figure 23 from octave 2 to 
octave 1 to octave 0, the edge is followed from low to 
30 high frequency resolution and an increasingly better 
approximation to the spatial position and shape of the 
edge is made. Conversely, if at any stage, a non- 
interesting data value is found, the search is terminated 
for data values above that non-interesting data value. 
35 The higher frequency data values of the .tree above a 
non-interesting data value are assumed to be non- 
interesting because the corresponding low frequency data 
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values did not indicate the presence of an edge at this 
location. Any interesting data values that do exist in 
the higher frequeTicy bands above a non-interesting data 
value in a low frequency band are rejected as noise. 
5 The one-dimensional tree structure of Figure 23 is 

encoded as follows. The low frequency components carry 
visually important information and are therefore always 
considered to be "interesting". The method of encoding 
therefore starts with low frequency component A. This 
10 data value is encoded. Next, the octave 2 data value B is 
tested to determine if it represents an edge or an edge- 
like feature which is "interesting" to the human visual 
system. Because data value B is interesting, a token is 
generated representing that the bits to follow will 
15 represent an encoded data value. Interesting data value B 
is then encoded. Because this tree has not yet 
terminated, the method continues upward in frequency. 
Data value C of octave l is then tested. For purpose of 
this example, data value C is considered to be interesting 
20 as are data values A, B, C, D, Q, H, L and M as 

illustrated in Figure 23. A token is therefore generated 
indicating an encoded data value will follow. After the 
token is sent, data value C is encoded. Because this 
branch has still not terminated in a non-interesting data 
25 value, the method continues upward in frequency. Data 
value D is tested to determine whether or not it is 
interesting. Because data value D is interesting, a token 
is generated and data value D is encoded. Because octave 
0 is the highest octave in the decomposition, the encoding 
30 method tests the other branch originating from previous 
interesting data value C. Data value E however tests to 
be non-interesting. A non-interesting token is therefore 
generated. Data value E is not encoded and does not 
appear in the compressed data. With both branches 
35 originating at data value C terminated, the method 

proceeds down in frequency to test the remaining branches 
originating from the previous interesting data value B. 
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Data value F is, however, determined to be non- 
interesting. A non-interesting token is therefore 
generated and data value F is not encoded and does not 
appear in the encoded data. Because this branch has 
5 terminated, all data values higher in frequency above data 
value F are considered to be non-interesting. A decoding 
device receiving the sequence of encoded data values and 
tokens can determine from the non-interesting token that 
all corresponding higher frequency data values were 

10 considered to be non-interesting by the encoding device. 
The decoding device can therefore write the appropriate 
data values as non-interesting and write zeroes to these 
locations obviating the need for the encoding device to 
transmit each non-interesting data value above F. With 

15 the first tree encoded, the method proceeds to the next 
low frequency component, data value G. This is a low 
frequency component and therefore is always considered to 
be interesting. Data value G is therefore encoded. The 
method then proceeds to the next tree through blocks I, 

20 J, K and L in that order generating interesting and non- 
interesting tokens and encoding interesting data values. 
Similarly, after the second tree is terminated, low 
frequency component data value M is encoded. Data value N 
is determined to be non-interesting so a non-interesting 

25 token is sent and the encoding of the third tree is 
terminated. 

In accordance with another embodiment of the present 
invention, a two-dimensional extension of the one- 
dimensional case is used. Rather than using binary trees, 

30 four branch trees are used. However, to create a 

practical image encoding method there are also real world 
factors to take into account. Using a single data value 
to predict whether the remainder of the tree is zero, is 
unreliable when dealing with noisy image data. A small 

35 two-by-two block of data values is therefore used as the 
node element in the tree structure of the two-dimensional 
embodiment. A decision as to whether or not an edge is 
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present is based on four data values which is more 
reliable than a decision based on single data value. 

Figure 25 illustrates a tree structure representing a 
portion of the decomposition of Figure IE. The 
5 decomposition of Figure 18 may extend farther to the right 
and farther in a downward direction for larger two- 
dimensional arrays of image data values. Similarly, the 
tree structure of Figure 25 may extend farther to the 
right for larger arrays of data values. Figure 25 
10 represents a decomposition only having octave 0 and 1 high 
frequency components. In the event that the decomposition 
had additional octaves of high frequency components, the 
tree structure would extend further upward. In contrast 
to the binary tree structure of Figure 23, the tre« 
15 structure of Figxire 25 is a four branch tree. The two-by- 
two block of four octavo 1 data values HHHG is the root of 
a tree which extends upward in frequency to four HG two- 
by-two blocks. If another octave of decomposition were 
performed, another level of octave 2 high frequency two* 
20 by-two blocks would be inserted into the tree structure. 
Four HHHG octave 1 two-by-two blocks would, for example, 
have a single octave 2 HHHHHG block beneath them. The low 
frequency component would be denoted HHHHHH. 

Figure 2 6 is a pictorial representation of the 
25 decomposition of the tree structure of Figure 25. As 

explained above with respect to Figure 15, the actual data 
values of the various denoted blocks are distributed 
throughout the two-dimensional array of data values. The 
two numbers separated by a comma in each of the boxes of 
3 0 Figure 25 denote the row and column of a data value of the 
two-dimensional array of Figure 18, respectively. Using 
this tree structure, it is possible to search through the 
transformed data values of Figure 18 encoding interesting 
two-by-two blocks of data values and ignoring non- 
35 interesting two-by-two blocks. 

To describe how the two dimensional encoding method 
uses the tree structure to search through a decomposition, 
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some useful definitions are introduced. First an image 
deccmp is defined with dimensions WIDTH by HEIGHT 
decomposed to number OCTS of octaves. A function Access 
is defined such that given some arguments; the function 
5 Access outputs the memory address of the specified data 
value in the wavelet decomposition decomp: 

address - Access (act, sub, x, y) ; 

oct is the octave of the data value sought and is an 
integer value between O (the highest octave) and OCrs- I 

10 (the number of octaves of transformation OCTS minus one) . 
sub indicates which of the HE, HG, GH or GG bands of the 
decomposition it is that the data value sought is found* 
The use of sub = HH to access the low pass data values is 
only valid when the value of oct is set to that of the 

15 lowest octave. The co-ordinates x and y indicate the 

spatial location from the top left hand corner of the sub- 
band specified by oct and sub. The range of valid values 
of X and y are dependent on the octave being accessed, x 
has a range of {0. . . WIDTH/2'^^^} . y has a range of {0 , 

20 . . lf£JGHr/2*"''}. 

Given the function Access and a wavelet 
decomposition, a two-by-two block of data values can be 
read by the function EeadBlock^ 

block = ReadBlock (decomp, oct, sub, x, y) { 
25 block[0][0] = decompl Access (oct, sub, x, y) ] ; 

JbJoc-k[0]tl] = decomp[Access{oct, sub, x+I, y) ] ; 
jblocJctl] [0] « decompl Access (oct, sub, x, y+I)]; 
JbJoc;c[l] [1] = decompl Access (oct, sub, x-^-l, y+1) ] ; 

} 

30 The wavelet decomposition is passed to the function 

ReadBlock via the variable decomp. The two-by-two block 
of data values is returned through the variable bJocJc. 
Once a two-by-two block of data values is read, a 
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decision is made as to whether the two-by-tvo block is 
visually "interesting" and should therefore be encoded or 
whether it is not and hence should be discarded. The 
decision is made by a function called Threshold . The 
5 arguments of the function Threshold are block, oct and 
sub. Threshold returns a boolean value True if the block 
is "interesting" and False if the block is "non- 
interesting" . 

If the block is determined to be interesting by the 
10 function threshold, it is encoded using a function called 
EncodeBlock. A function SendToken inserts a token before 
the encoded block to inform a decoding device which will 
later decode the compressed data whether the block to 
follow the token has been encoded (i.e. BlockNotEmpty) or 
15 has not been encoded (i.e. SlockEmpty) . If a block is 
determined to be interesting, then a BlockNotZmpty token 
is sent, and the block is encoded; next the tree structure 
above the encoded block is ascended to better determine 
the location of the edge. The tree encoding procedure 
2 0 SendTree is therefore defined recxirsively as follows: 

SendTree (dBcomp, oct, sut, x, y, Q) { 

bJocJt » ReadBlock (decomp, oct, sub, x, y) ; 
If Threshold {block, oct, sub, 0) { 
SendToken (BlockNotEmpty) ; 
25 JETncodeBJocic (bJocJc, oct, sub, (?) ; 

If (oct >0) { 

SendTree {decomp, oct~l, sub, 2*jr, 2*y, Q) ; 
SendTree (decomp, oct~l, sub, 2*(jif+l), 2*y, 0)? 
SendTree (decomp, oct-1, sujb, 2*x, 2*(y+l), Q) ; 
30 SendTree (decomp, oct-l, sub, 2*(x+l), 2*(y+l), Q) ; 

} 

} else 5endro>cen (Bloc/c^jzipty) ; 

} 



The procedure SendTree is only used to encode high- 
35 pass component data values. In procedure SendTree 
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{decomp, oct, sub, x, y, Q) , if the tvo-by-tvo block 
accessed by FeadBlock is determined to pass the threshold 
test, then SendTree {decomp, oct-1, sub 2*X, 2*y, Q) is 
used to test one of the next higher two-by-two blocks in 
5 the deccmposition tree. 

The low-pass data values are not considered to form 
part of the tree structure. The low-pass data values are 
encoded using another procedure SendLPF. In addition, the 
low-pass values are encoded using a different technique 
10 than that used in EncodeBlock , so a new procedure 
EncodeBlockLPF is required. 

SendLPF (decomp, x, y, Q) { 

block ° Readblock (decomp, OCTS^l, HH, x, y) ; 
EncodeBlockLPF (block, OCTS-1, Q) } 

15 } 

Accordingly, to encode the entire image, SendLPF is 
applied to all the block locations within the low pass 
band and SendTree is applied to the all the block 
locations in the HG, GH and GG bands, within the lowest 
20 octave, A procedure SendDecomp is therefor© defined that 
encodes the entire image decomposition: 

SendDecomp (decomp, Q] { 

For (y-0; y<HEIGHT/2^; y==y+2) 
For (x=0; x<WIDTH/2^; Jc=x+2) { 
25 SendLPF (decomp, x, y, 0) i 



SendTree (decomp, OCTS-1, HG, x, 
SendTree (decomp, OCTS-1, GH, x, 
SendTree (decomp, OCTS-l, GG, x. 



y, 0); 
7/ 0); 
0); 



} 



30 } 



Accordingly, the above functions define a method for 
encoding wavelet decomposed images. In terms of speed of 
encoding for real-world images, many of the trees are 
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terminated within the initial octaves so much of the 
deconposition is not examined. Due to this termination of 
many trees in the initial octaves, many data values need 
not be encoded which results in reducing the memory' 
5 bandwidth and block processing required to implement the 
compression/decompression method. Provided the functions 
Threshold , EncodeBlockLPF and Access require only simple 
calculations, the decomposed data values are rapidly 
encoded* 

10 To implement the function Access, a table containing 

all the addresses of the data values of the two- 
dimensional tree decomposition may be accessed using the 
variables x, y, sub and oct. For a small image having a 
small number of data values, this table lookup approach is 

15 reasonable. For images having, for example, approximately 
80 different values of x, 60 different values of y, four 
different values of 5uJb, and 3 or 4 values for oct, this 
table would contain approximately 150,000 10-bit 
locations. A less memory intensive way of determining the 

20 seone X and Y addresses from the same variables is 
desirable. 

In accordance with one embodiment of the present 
invention, a function is used to determine the X and Y 
addresses from the variables x, y, sub and oct. Address 
25 X, for example, may be determined as follows: 

X * ((X << 1) + (sub » 1)) « oct 

where « denotes one shift to the right of value x and 
where » denotes one shift to the left. 

Address Y, for example, may be determined as follows: 

30 Y - ( (y << 1) + (1 & sub)) « oct 



where & denotes a bit-wise AND function. 

In a high performance system, the function Access may 
be implemented according to the following method. The 
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recursive function call and the table lookup methods 
described above are often too slow to implement in real 
time software or in hardware. Figures 27 and 28 
illustrate how the tree decomposition of Figure 25 is 
5 traversed in order to generate tokens and encode two-by- 
two blocks of data values. The X and the Y in Figures 27 
and 28 denote coordinate addresses in the two-dimensional 
matrix of Figure 18. In order to traverse the tree of the 
decomposition of Figure 25, it is necessary to be able to 
10 determine the X and Y addresses of the data values 

represented in Figure 25. Figure 27 illustrates how the X 
and Y address of a two-by-two block of data values arc 
determined for those two-by-two blocks of data values 
located in octave 0 of the decomposition of Figure 25. 
15 Similarly, Figure 28 illustrates how the X and Y addresses 
of the three two-by-two blocks of data values in octave i 
of the decomposition as well as the one two-by-tvo block 
of data values of the low pass component of the 
decomposition of Figure 25 are determined, X as well as Y 
20 are each functions of oct, TreeRoot, and sub* The values 
of sub^ and svb^ are determined by the sub-band of the two- 
by-two block of data values sought. 

Figure 29 is a chart illustrating the values of sub^ 
and suJb^ for each sub-band of the decomposition. If, for 
25 example, a two-by-two block of data values is sought in 
the HH band, then the values of sui?^ and suby are 0 and 0, 
respectively. The values Treei?oot, and TreeRooty together 
denote the particular tree of a decomposition containing 
the particular two-by-two block of the data values sought. 
30 In Figures 27 and 28, the rectangles represent 

digital counters. The arrows interconnecting the 
rectangles indicate a sequence of incrementing the 
counters. For example, the right most rectangle in Figure 
27, which is called counter CI, has a least significant 
35 bit represented in Figure 27 as bit CI, and a most 

significant bit represented as bit Cl^. Similarly, the 
next rectangle to the left in Figure 27 represents a 
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digital counter C2 having two bits, a least significant 
bit C2, and a mcst significant bit C2^. The structure of 
the X, Y address depends on the octave in which the two- 
by-two block of data values being sought resides. To 
5 generate the X, Y address in octave oct = 1, the counter 
CI is not included, the sujb^ and sujb^ bits indicating the 
sub-band bits are shifted one place to the left, and the 
least significant bits are filled with zeros. The 
incrementing of the counters in Figure 2 8 proceeds as 
10 illustrated by the arrows. 

To determine the X and Y addresses of the four data 
values of the low pass component HHHH of Figure 25, Figure 
28 is used. Because the two-bytwo block of data values 
being sought is a two-by*two block of the low pass 
15 component, the values of sub^ and suh^ are 0, 0 as required 
by the table of Figure 29. The C2 counter of Figure 28 
increments through the fo\ir possible values of C2, and C2^ 
to generate the four addresses in the two-by-two block of 
data values of the HHHH in the low pass component of 
20 Figure 25. The value of TrBeRoot^ and rr©©J?oct, are zeroes 
because this is the first tree of the decomposition. For 
subsequent trees of the decomposition, TrBBjioot^ and 
TreeRooty are incremented as illustrated by the arrows in 
Figure 28 so that the X and Y addresses of the other two- 
25 by-two blocks of data values in the low pass component of 
the tree decomposition can be determined. After this HHHH 
two-by-two block of data values is located, the four data 
values are encoded and the search through the tree 
structure proceeds to the two-by-two block of data values 
30 in octave 1 denoted HHHG in Figure 25- To determine the X 
and Y addresses of the four data values of this two-by-two 
block, the value of bits sxit^ and sub^ are changed in 
accordance with Figure 29. Because this two-by-two block 
is in the HG sub- band, the values of subj, and suby are 0 
35 and 1, respectively. The C2 counter is then incremented 
through its four values to generate the four addresses of 
the four data values in that block. Supposing, that this 
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two-by-two block is determined to be "interesting" then an 
interesting token is sent, each of the four data values of 
the block are encoded, and the tree is then ascended to 
the tvc-by-two block of data values in octave 0 denoted 
5 HG#1. These four addresses are determined in accordance 
with Figure 27. Because the sub-band is sub-band HG, the 
values of the bits sub^ and sub^ are 0 and 1, respectively. 
Counter CI is then incremented so that the four addresses 
illustrated in the two-by-two block octave 0 HG#1 of 
10 Figure 25 are generated. If the two-by-tvo block is 
interesting, then the interesting token is sent and the 
four data values are encoded. If the two-by-two block is 
determined not to be interesting ; then a non-interesting 
token is sent and the four data values are not encoded. 
15 The search through the tree structure of the decomposition 
then proceeds to octave 0 block HG/2. After th© four 
addresses of the octave 0 block HG/1 are generated, the C2, 
bit of the C2 counter is incremented in accordance with 
the arrows shown in Figure 27. Accordingly, the octave 0 
20 block HG/2 is addressed when once again the CI counter 

increments through its four states. If the data values of 
this two-by-two block are determined to be " inter esting*' , 
an interesting token is sent followed by the encoded data 
values. If the data values of the two-by-two block are 
25 determined to be non-interesting, then a non-interesting 
token is sent. After all the search of the four two-by- 
two blocks of the octave 0 HG sub-band are searched, then 
that HG tree is terminated and the search proceeds to 
determine the four addresses of the four data values of 
3 0 the octave 1 HHGH two-by-two block. In accordance with 
this technique, it is possible to traverse the structure 
of the decomposition and determine the addresses of any 
twb-by-two block in any octave or any sub-band with 
minimum overhead. Moving between consecutive addresses or 
35 descending trees is a simple operation when compared to 
the snaking address path used by other compression methods 
such as JPEG, 
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When iriplemented in software, this technique enables 
real time ccTnpression and deccnpression whereas other 
techniques may be too slow. If implemented in hardware, 
this technique provides for a reduced gate count and an 
5 efficient implementation. Although this example shows one 
way of traversing the tree structure of wavelet transform 
decomposition, it is possible to traverse the tree 
structure in other ways simply by changing the control 
structure represented in Figures 27 and 28 to allow for a 
10 different traversal of the tree structure. For example, 
all of the low pass HHHH blocks can be located and encoded 
first followed by all of the HHHG tree of the 
decomposition, and then all of the HHGH trees, and then 
all of the HHGG trees. 



15 QUANTIZATION 

Each data value of each two-by-two block of the tree 
decomposition which is detennined to be "interesting" is 
quantized and then Huffman encoded. A linear mid-step 
quantizer with double-width-0 step is used to quantize 
20 each of the data values. Figure 30 is an Illustration of 
the quantization of a 10-bit twos complement data value. 
The range of the 10-bit data value to be quantized ranges 
from -512 to 511 as illustrated by the numbers above the 
horizontal line in Figure 30. This range is broken up 
25 into a plurality of steps. Figure 31 represents one such 
step of data values which extends from 128 to 256 in 
Figure 30. All incoming data values having values between 
128 and 255 inclusive are quantized by dividing the data 
value by the value gstep. Accordingly, the data value A 
30 having a value of 150 as illustrated in Figure 31 is 
divided by the qstep value 128 and results in a gindex" 
number of 1. Integer division is used to generate qindex 
and the fractional part of the remainder is discarded. 
Once the qindex number is determined, the qindex number is 
35 Huffman encoded. An overall Q value is sent once per 
frame of compressed data values. The value qstep is 
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determined from the overall Q value as described below. 

To inverse quantize the qindex number and the qstep 
value to determine the value of the transformed data 
values before inverse transformation, the device decoding 
5 the incoming quantized values calculates the value of 

qstep using the value of Q according to a method described 
below. Once the value of qstep in determined, qindex for 
a given data value is multiplied by qstep. 

In the example of Figure 31, qindex value 1 times 

10 qstep 128 results in an inverse quantized value of 128. 
If this inverse quantized value of 128 were used, however, 
all the data values in the step 128 through 255 would be 
inverse quantized to the value of 128 at the left end of 
the step. This would result in unacceptably large errors. 

15 On the other hand, if all the data values in the range of 
Figure 31 were inverse quantized to the mid-step value 
191, then less error would result. Accordingly, an 
inverse quantized value qvalve can be calculated from 
qindex and qstep as follows: 



20 gvaiueigindex, qstep) - 



qindex^ Qstep-^-S—^ -ij if Q2ndex<Q 
0 if qindex '0 

qindex* qstep^l^^^^^ -ij if gind€x>0 



The human visual system, however, has different 
sensitivities to quantization errors depending upon the 
particular sub-band containing the quantized data values. 
The human visual system performs complex non-linear 

25 processing. Although the way the human visual system 
relates image intensities to recognizable structures is 
not well understood, it is nevertheless important to take 
advantage of as much information about the human visual 
system as possible in order to maximize compression ratio 

30 versus picture quality. The wavelet transform 

approximates the initial image processing performed by the 
human brain. Factors such as spatial frequency response 
and Weber *s Law can therefore be applied directly to the 
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wavelet transformed data values because the transformed 
data values are in a convenient representation. 

Figure 32 shows the sensitivity of the human eye to 
spatial frequency. Spatial frequency is measured in 
5 cycles c per visual angle 6. A screen is positioned at a 
distance d from an observer as illustrated in Figure 33. 
A light of sinusoidally varying luminance is projected 
onto the screen. The spatial frequency is the number of 
luminance cycles c per visual degree B at distance d. 
10 Note from Figure 32 that the sensitivity of the human eye 
varies with spatial frequency. Accordingly, the value of 
qstep is varied depending on the octave and sub-band of 
the data valve being quantized. The gstep at which a 
data valve is quantized is determined from the variables 
15 oct, sub and £? for that data valve as follows: 



The scaling factors 1.00/ 0.32, 0.16 and O.io relate to 
the spatial frequency scale of Figure 32 to take into 
20 account the frequency dependent sensitivity of the human 
eye. 

It is to be understood that scaling factors other 
than 1.00, 0.32, 0.16 and 0.10 could be used. For 
example, other scaling factors can be used where the 

25 quantizer is used to compress audio data which is received 
by the human ear rather than by the human eye. Moreover, 
note that the sub-band GG is quantized more heavily than 
the other sub-bands because the sub-band GG contains 
diagonal information which is less important to the human 

30 eye than horizontal and vertical information. This method 
can also be extended down to the level of two-by-two 
blocks of data values to further tailor the degree of 
quantization to the human visual system. The function 



gstep(oct,sub,c?) « 0 ♦ hvK_ractor (oct,5ujb) 



Avs factor [oct. sixb) 



fit sx2b^GG\ 
otherwise/ 



1.00 if oc£:=0 
0.32 if occ=l 
0.16 if oct»2 
0,10 if oct»3, 
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hvs_f actor which has only two parameters in the presently 
described embodiment is only one embodiment of the present 
invention. The function hvs_f actor , for example, can taXe 
into account other characteristics of the human visual 
5 system other than oct and sub, such as the luminance of 
the background and texture masking. 

THRESHOLDING 

For each new two-by-two block of data values in the 
tree decomposition, a decision must be made as to whether 
10 the block is "interesting" or "non-interesting". This can 
be done by the function threshold: 

1 1 

threshold (block, limit) = limit > ^ [block [y] [x] \ 

y»o jr«o 

(equ. 60) 

The s\im of the absolute values of the data values of the 
15 block biocic is determined as is represented by the double 

summation to the right of the less than sign and this 

value is compared to a threshold value limit. 

"Interesting" blocks are those blocks, for which the sum 

of the absolute values of the four data values exceeds the 
20 value limit, whereas "non-interesting" blocks are those 

blocks for which the sum is less than or equal to the 

value limit. 

The value limit takes into account the variable 
quantizer step size qstep which varies with octave. For 

25 example, a two-by-two block of data values could be 
determined to pass the test threshold , but after 
quantizing by qstep could result in four zero quantized 
values. For example, all data values between -128 and 127 
are quantized to have a quantized qindex of zero as is 

30 shown in Figure 3 0 even if some of those data values are 
determined to correspond with an "interesting" two-by-two 
block. For this reason, the value limit is calculated 
according to the equation: 
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limit = 4*Bthreshold*qstep (egu. 61) 

In this equation "Bthreshold'' is base threshold image 
factor. In the presently described example, this base 
threshold is equal to 1.0. The value of 1.0 for the base 
5 threshold Bthreshold was determined through extensive 
experimentation on test images. The factor 4 in equation 
61 is included to account for the fact that there are four 
data values in the block under consideration. In this way 
blocks are not determined to be interesting, the data 
10 values for which the quantizer will later reduce to zeros. 
This weighted threshold factor limit also reduces the 
number of operations performed in the quantizer because a 
fewer number of data values are quantized* 

HUFFMAN CODING 
15 The wavelet transform produces transformed data 

values whose statistics are vastly different from the data 
values of the original image. The transformed data values 
of the high-pass sub-bands have a probability distribution 
that is similar to an exponential or Laplacian 
2 0 characteristic with mean zero. 

Figure 34 shows the distribution of high pass data 
values in a four octave wavelet decomposition of the test 
image Lenna. Figure 3 5 shows the distribution of the data 
values of the test image Lenna before wavelet transforma- 
25 tion. The low-pass component data values have a flat 
distribution that approximates the distribution of 
luminance and chrominance values in the original image. 
The high and low pass data values are encoded differently 
for this reason. 
30 The low pass component data values are encoded by the 

function EncodeBlockLPF as follows: 

EncodeBlockLPF { block, OCT-l, (?) { 

Output ( JblocictO] [0]/gstep( OCT-1, HH, Q)); 
Output ( bJoc;c[0] tl]/gstep( OCT-1, HH, Q)); 
35 Output ( bJoc>f[l] (0]/gstep( OCT-1, HH, 0)); 
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Output ( block[l][l]/qstep( OCT-l, HH , 0));} 

After encoding, the low-pass data values are 
quantized and output into the compressed data stream. The 
low pass data values are not Huffman encoded. 
5 The high frequency component data values which pass 

the threshold test are quantized and Huffman encoded to 
take advantage of their Laplacian distribution. Function 
EncodeBlock performs the quantization and the Huffman 
encoding for each of the four data values of an 

10 interesting high frequency component block block. In the 
function EncodeBlock, the variable suJb is provided so that 
when function qstep is called, different quantization 
qstep values can be used for different high frequency 
component sub- bands. The function hulfman performs a 

15 table lookup to a fixed Huffman code table such as the 
table of Table 3. The function EncodBBlock is defined as 
follows: 

EncodeBlock (block, oct, sub, Q) { 

0\it,put(huffJuan(block[Q] 10] /qstep(oct, sub, 0))); 
20 Output (hu/fman (JbJoc/cf 0] [l]/gstep(oct, sub, (?))); 

Output(hu//xBan(bJocJt(l] [0]/gstep(oct, sub, 0)))} 
Output (huf /man (JbJoc;c(l] [1] /gstep(oct, sub, £?))); 
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Huffman code 


-38 . , . -512 


1100000011111111 


-22 . . -37 


llOOOOOOllll i\q±n(iex\ -22) 


-7 . . -21 


11000000( \q±ndex\ -7) 


-€ 


11000001 



IS 



-2 


110 1 


-1 


111 


0 


0 


1 


10 1 


2 


10 0 1 


« 


» 


6 


10000001 


7 . . 21 


10000000 {\qiTidmx\ -7) 


22 • . 37 


100000001111 {\qiMdmx\ -23) 


38 . . 511 


1000000011111111 



Table 3 

The second bit from the left in the Huffman code of 
Table 3 is a sign bit. The value \qindBx\-l is 
represented with 4 bits in the case 7 < \qindex\< 21. The 
25 value \qindex\~22 is represented with 4 bits in the case 
22 <\qindBx\< 37) • 

ENCODING OF TOKENS 
At high compression ratios the number of bits in the 
compressed data stream used by tokens may be reduced by 
30 amalgamating groups of "non-interesting" tokens. This can 
be achieved by introducing new tokens. In accordance with 
one embodiment of the present invention, two new tokens, 
OctEmpty and OctNotEmpty are used. For a high pass 
component block in a tree above octave zero, there are 
35 four branches. The additional pair of tokens indicate 
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whether all four are non-interesting. if all four are 
non-interesting, only a single OctEmpty token need be 
sent. Otherwise, an OctNotEmpty token is generated before 
the four branches are encoded. The particular token 
5 scheme described above was selected more to simplify the 
hardware and software implementations than it was to 
achieve in the best compression ratio possible. Other 
methods of representing relatively long sequences of token 
bits in the compressed data stream using other tokens 
10 having a relatively fever number of bits may be used in 
place of the tokens OctEmpty and OctNotEmpty to achieve 
higher compression ratios. 

VIDEO ENCODING AND DECODING 
In comparison with the coding of a still image, the 
15 successive images of a video sequence typically contain 
much redundant information. The redundancy of this 
information is used to reduce the bit rate. If a location 
in a new frame of the video contains the same or 
substantially the same information as a corresponding 
2 0 location in the previous old frame of video, that portion 
of the new frame need not be encoded and introduced into 
the compressed data. This results in a reduction in the 
total number of bits in the encoded bit stream. 

Figure 36 illustrates a video encoder 31 and a video 
25 decoder 32. A video input signal is transformed by a 

forward wavelet transform block 33, the output of which is 
written to a new frame store 34, The first frame of video 
information in the new frame store 34 is referred to as 
the new frame because no previous frame exists in the old 
30 frame store 35 for containing an old frame. A comparison 
tree encoder 36 therefore generates tokens and transformed 
data values as described above from the data values output 
from new frame store 34. The transformed data values are 
quantized by quantizer 37 into gindex levels. These 
3 5 qindex levels are then Huffman coded by the Huffman 

encoder 38. The resulting encoded data values are then 
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combined with the tokens in buffer 3 8A to form a 
decompressed data bit stream 39. 

An essential part of this method is that the old 
frame present in the video encoder 31 is exactly the same 
5 as the old frame 40 present in the video decoder 32. This 
allows the decoder 32 to be able to correctly decode the 
encoded bit stream 39 due to the fact that the encoded bit 
stream contains differences between new and old images and 
due to the fact that parts of the new frame are not sent 
10 due to compression. An inverse quantizer 41 is therefore 
provided in the video encoder 31 to inverse quantize the 
qindex levels and to store the old frame as sent into old 
frame store 35 for future comparison with the next frame 
of the video input signal, 

15 In the video decoder 32^ the compressed data stream 

3 9 is received by a buffer 42, The tokens are separated 
from the Huffman encoded qindex levels. The Huffman 
encoded qindex levels are supplied to a Huffman decoder 
43, the output of which is supplied to an inverse 

20 quantizer 44. The output of the inverse quantizer 44 is 
written into old frame store 40 under the control of the 
comparison tree decoder 45. Comparison tree decoder 45 
determines what is written into the old frame store 40, 
depending in part on the tokens received from buffer 42. 

25 Once a new frame of transformed data values is present in 
old frame store 40, an inverse wavelet transform 46 
inverse transforms that frame of transformed data values 
into a corresponding video output signal. To prevent the 
inverse wavelet transform 4 6 from overwriting and 

30 therefore corrupting the contents of old frame store 40 
when it reconstructs data values corresponding to the 
original new frame data values, an intermediate frame 
store 47 is maintained. 

The octave one HHHG, HHGH, HHGG, and HHHH from Figure 

35 25 are read from the old frame store 4 0 by the inverse 
wavelet transform 4 6 to perform the octave 1 inverse 
transform as described above. However, the resulting 
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octave 0 HH sub-band, output from the inverse wavelet 
tranform 4 6 is now written to the intenneciiate frame store 
47, so as not to corrupt the old frame store 40. For the 
octave 0 inverse wavelet transform, the UG, GK, and GG 
5 sub-bands are read from the old frame store 40, and the HH 
sub-band is read from the intermediate frame store 47, to 
complete the inverse wavelet transform. 

When the second frame of compressed video data 39 is 
received by the video decoder 32, the tokens received by 

10 the comparison tree decoder 45 are related to the contents 
of the previous frame of video information contained in 
old frame store 4 0. Accordingly, the video decoder 32 can 
reconstruct the latest frame of video data using the 
contents of the frame store 40 and the data values encoded 

15 in the compressed data stream 39. This is possible 
because the compressed data stream contains all the 
information necessary for the video decoder 32 to follow 
the same traversal of the tree of the decomposition that 
the encoder used to traverse the tree in the generation of 

2 0 the compressed data stream. The video decoder 32 

therefore works in lock step with the video encoder 31. 
Both the encoder 31 and the decoder 32 maintain the same 
mode at a corresponding location in the tree. When the 
encoder 31 determines a new mode, it incorporates into the 
25 compressed data stream 3 9 a corresponding token, which the 
video decoder 3 2 uses to assume that new mode. 

Figure 37 illustrates the modes of operation of one 
possible embodiment of the present invention. To explain 
the operation of the video encoder 31 and the video 

3 0 decoder 32, an example is provided. The initial frame of 

the video sequence is processed by the video encoder 31 in 
still mode. Still mode has three sub*modes: STILL^ 
VOID_STILL, and LPF_STILL. The low pass two-by-two blocks 
of data values of the decomposition cause the comparison 
3 5 tree encoder 3 6 of video encoder 31 to enter the LPF_STILL 
sub-mode. In tliis sub-mode, the four data values of the 
two-by-two block are quantized but are not Huffman 
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encoded. Similarly , no token is generated. The 
successive lew pass component two-by-two blocks of data 
values are successively quantized and output into the 
compressed data stream 39. 
5 Next, the lowest frequency octave of one of the sub- 

bands is processed by the comparison tree encoder 36, 
This twc-by-two block of data values corresponds with 
block HHHG illustrated in Figure 25. The four data values 
of this two-by-two block are tested against the threshold 
10 iimit to determine if it is "interesting". If the 

two-by-two block HHHG is interesting, then a single bit 
token 1 is generated, as illustrated in Figure 37, the 
mode of the comparison tree encoder remains in STILL mode, 
and the four data values of the two-by-two block HHHG are 
15 successively quantized and encoded and output into the 
compressed data stream 39 « 

For the purposes of this example, block HHHG is 
assumed to be interesting. The tree structure of Figure 
25 is therefore ascended to octave 0 two-by-two block 
20 HG#1. Because the comparison tree encoder 31 remains in 
the STILL mode, this block is encoded in the STILL mode. 
The four data values of block HG#1 are tested to determine 
whether or not they are interesting. This sequence of 
testing the successive blocks of the tree structure is 
25 repeated as described above. 

After the traversal of the four octave 0 sub-blocks 
HG#1, HG#2, HG/3 and HG#4 , the comparison tree encoder 3 6 
proceeds in the tree structure to the two-by-two block of 
data values in octave 1, block HHGH- For purposes of this 
3 0 example, this two-by-two is non-interesting. After the 
comparison tree encoder 3 6 reads the four data values,, the 
result of the threshold test indicates a non-interesting 
two-by-two block. As illustrated in Figure 37, the 
encoder 31 which is in the still mode now generates a 
35 single bit token 0 and the comparison tree encoder 36 
enters the VOID_STILL sub-mode. Although no additional 
information is output into the compressed data stream 39, 
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the comparison tree encoder 36 proceeds to vrite O's into 
the four locations of the tvo-by-tvo block HHGH, as well 
as all the locations of the tvo-by-two blocks in the tree 
above the non-interesting tvo-by-tvo block HHGH. In the 
5 example of Figure 25, the comparison tree encoder 36 
writes O's into all the addresses of blocks HHGH, GHfl, 
GH#2, GH#3 and GH#4 . This zeroing is performed because 
the video decoder 32 will not be receiving the data values 
corresponding to that tree. Rather, the video decoder 32 
10 will be receiving only a non-interesting token, a single 
bit 0. The video decoder 32 will therefore write zeros 
into frame store 40 in the remainder of the corresponding 
tree. In order to make sure that both the video encoder 
31 and the video decoder 32 have exactly the same old 
15 frame 3 5 and 40, the video encoder too must zero out those 
non-interesting blocks. 

After the first frame of video data has been encoded 
and sent in STILL mode, the next frame of video data is 
processed by the video encoder 31. By default, the 
20 encoder now enters SEND mode. For lowpass frequency 

component two*by-two blocks, the video encoder 31 enters 
the LPF_SEND mode as illustrated in Figure 37. The 
encoding of such a lowpass component two-by-tvo block 
corresponds with the encoding of two-by-two block HHHH in 

2 5 Figure 25. However, now the comparison tree encoder 3 6 

has both a new frame in frame store 34 as well as an old 
frame in frame store 35. Accordingly, the comparison tree 
encoder 36 determines the arithmetic difference of the 
respective four data values in the new frame from the four 

3 0 data values in the old frame at the corresponding position 

and compares the sum of those differences with a compare 
threshold. The compare threshold, compare, is calculated 
from a base compare threshold "Bcompare" as in the case of 
the previous threshold which determines which blocks are 
35 interesting, similar to equations 60 and 61. If the sum 
of the differences is less than the compare threshold, 
then the video encoder 31 sends a single bit token 0 and 
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remains in the LPF_SEND mode, as illustrated in Figure 37, 
The video encoder 31 does not transmit any data values 
corresponding to the lowpass frequency component 
two-by-two block. 
5 If , on the other hand, the sum of the arithmetic 

differences exceeds the compare threshold, then a single 
bit token 1 is generated, as illustrated in Figure 37. in 
this case, the video encoder 31 sends the arithmetic 
differences of each of the successive four data values of 
10 the new frame versus the old frame to the quantizer 37 and 
then to the Huffman encoder 38. The arithmetic 
differences are encoded and sent rather than sending the 
actual data values because this results in fewer bits due 
to the fact that the two blocks in the new and old frames 
15 are quite similar under normal circumstances. 

When the video encoder 31 proceeds to encode the 
octave 1 sub-band HHHG, as illustrated in Figure 25, the 
video encoder 31 enters the SEND mode, as illustrated in 
Figure 37. In this mode, the comparison tree encoder 3 6 
20 compares the data values of the new two-by-two block with 
the data values of the old two-by-two block and performs a 
series of arithmetic operations to generate a series of 
flags, as illustrated in Figure 38. Based on these flags, 
the video encoder 31 generates a 2 -bit token and enters 
2 5 one of four new modes for that two-by-two block. If, for 
example, the two-by-two block HHHG in Figure 25 is 
received by the video encoder 31, then flags ozflag,. 
nzflag, newjz, noflag, motion, origin, and no^z are 
determined. The values of these flags are determined as: 



1 1 

30 nz = \neulx]iy'\\ (equ. 62) 

1 1 

no - J^J^ \nBM[x][y'i- old[x][yj| (equ. 63) 

jr«o y«0 
1 1 

= EE |old[x)ty]| (equ. 64) 
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nzflag = nz < limit 
noflag - no < compare 
origin = nz < no 

motion = ( (nz + oz) << oct) < no 
5 new_2 = |new[x][yj| <qstep 0 < x, y, < i 
no_2 = fnew[x][y] - old [x][y]|< qstep, 0<x 
ozflag = {old[x][y] = 0; for all 0 <x, y<l} 

Based on the values of these flags, the new mode for 
10 the two-by-two block HHHG is determined; from Figure 38. 

If the new mode is determined to be the SEND mode, 
the 2-bit token 11 is sent as indicated in Figure 37. The 
arithmetic differences of the corresponding four data 
values are determined, quantized, Huffman encoded, and 
15 sent into the compressed data stream 39. 

In the case that the flags indicate the new mode is 
STILL^SEND, then the 2 -bit token 01 is sent and the new 
four data values of the two-by-two block are quantized, 
Huffman encoded, and sent. Once having entered the 
20 STILL^SEND mode, the video encoder 31 remains in the 
STILL_SEND mode until the end of the tree has been 
reached. In this STILL_SEND mode, a single bit token of 
either 1 or 0 precedes the encoding of each block of data 
values. When the VOID mode is entered from STILL SEND 
25 mode, the video encoder 31 generates a single bit 0 token, 
then places zeros in the corresponding addresses for that 
two-by-two block, and then proceeds to place zeros in the 
addresses of data values of the two-by-two blocks in the 
tree above. 

30 In the event that the flags indicate that the video 

encoder 31 enters the VOID mode from SEND mode, a 2-bit 
token 10 is generated and the four data values of that 
two-by-two block are replaced with zeros. The VOID mode 
also results in the video encoder 31 placing zeros in all 

35 addresses of all data values of two-by-two blocks in the 
tree above. 

In the case that the flags indicate that there is no 



(equ. 65) 

(equ. 66) 

(equ. 67) 

(equ. 68) 

(equ. 69) 

,y<l (equ. 70) 

(equ. 71) 
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additional information in the tree being presently 
encoded, namely, the new and the old trees are 
substantially the' same, then a 2-bit token of 00 is 
generated and the video encoder 31 proceeds to the next 
5 tree in the decomposition. 

In general, when the video encoder 31 enters VOID 
mode, the video encoder will remain in VOID mode until it 
determines that the old block already contains four zero 
data values. In this case, there is no reason to continue 
10 in VOID mode writing zeros into that two-by-two block or 
the remainder of the blocks in the tree above because it 
is guaranteed that the old tree already contains zeros in 
these blocks. This is true because the old tree in frame 
store 35 has previously been encoded through the inverse 
15 quantizer 41, 

Because the video decoder 32 is aware of the tree 
structure of the decomposition, and because the video 
encoder 31 communicates with the video decoder 32 using 
tokens, the video decoder 32 is directed through the tree 

2 0 structure in the same manner that the video encoder 31 

traverses the tree structure in generating the compressed 
data stream 39. In this way the video decoder 32 writes 
the appropriate data values from the decompressed data 
stream 3 9 into the corresponding positions of the old data 
25 frame 40. The only flag needed by the video decoder 32 is 
the ozflagt which the video decoder obtains by reading the 
contents of old frame store 40. 

RATE CONTROL 
All transmission media and storage media have a 

3 0 maximum bandwidth at which they can accept data. This 

bandwidth can be denoted in terms of bits per second. A 
standard rate ISDN channel digital telephone line has, for 
example, a bandwidth of 64 kbits/sec. When compressing a 
sequence of images in a video sequence, depending upon the 
3 5 amount of compression used to compress the images, there 
may be a relatively high number of bits per second 
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generated. This number of bits per second nay in some 
instances exceed the maximum bandwidth of the transmission 
media or storage device. It is therefore necessary to 
reduce the bits per second generated to insure that the 
5 maximum bandwidth of the transmission media or storage 
device is not exceeded. 

One way of regulating the number of bits per second 
introduced into the transmission media or storage device 
involves the use of a buffer. Frames having a high number 
10 of bits are stored in the frame buffer, along with frames 
having a low number of bits, whereas the number of bits 
per second passing out of the buffer and into the 
transmission media or storage device is maintained at a 
relatively constant number. If the buffer is sufficiently 
15 large, then it is possible to always achieve the desired 
bit rate as long as the overall average of bits per second 
being input into the buffer over time is the same or less 
than the maximum bit rate being output from the buffer to 
the transmission media or storage device* 
2 0 There is, however, a problem associated with large 

buffers in video telephony. For a large buffer, there is 
a significant time delay between the time a frame of video 
data is input into the buffer and time when this frame is 
output from the video buffer and into the transmission 
25 media or storage device. In the case of video telephony, 
large buffers may result in large time delays between the 
time when one user begins to speak and the time when 
another user begins to hear that speech. This time delay, 
called latency, is undesirable. For this reason, buffer 
30 size is specified in the standard H.261 for video 
telephony. 

In accordance with one embodiment of the present 
invention, a rate control mechanism is provided which 
varies the number of bits generated per frame, on a frame 
35 by frame basis. Due to the tree encoding structure 
described above, the number of bits output for a given 
frame is dependent upon the number of trees ascended in 
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the tree encoding process. The decisions of whether or 
not to ascend a tree are made in the lowest high frequency 
octaves of the tree structure. As can be seen from Figure 
25, there are relatively few number of blocks in the 
5 lowest frequency of the sub-bands, as compared to the 

number of blocks higher up in the sub-band trees. Given a 
particular two-by-two block in the tree structure, it is 
possible to decrease the value of Q in the equation for 
the threshold limit until that particular block is 

10 determined to be "interesting". Accordingly, a particular 
0 is determined at which that particular block becomes 
interesting. This process can be done for each block in 
the lowest frequency HG, GH and GG sub-bands. In this 
way, a histogram is generated indicating a number of 

15 two-by-two blocks in the lowest frequency of the three 
sub-bands which become interesting at each particular 
value of Q* 

From this histogram, a relationship is developed of 
the total number of two-by-two blocks in the lowest 

20 frequency of the three sub- bands which are interesting for 
a given value of 0. Assuming that the number of blocks in 
the lowest frequency octave of the three sub-bands which 
are interesting for a given value of Q is representative 
of the number of bits which will be generated when the 

25 tree is ascended using that given value of Q, it is 

possible to determine the value of Q at which a desired 
number of bits will be generated when that frame is coded 
with that value of (?• Furthermore, the greater the 
threshold is exceeded, the more bits may be needed to 

30 encode that tree. It is therefore possible to weight by Q 
the number of blocks which are interesting for a given 
value of 0. Finally, the Q values so derived should be 
averaged between frames to smooth out fluctuations. 

The encoder model RMS of the CCITT Recommendation 

3 5 H.261 is based on the DCT and has the following 

disadvantages. The rate control method used by RMS is a 
linear feedback technique. Buffer fullness is 
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proporrional to Q. The value of Q must be adjusted after 
every group of blocks (GOB) to avoid overflow or underflow 
effects. This means that parts of the image are 
transmitted at a different level quality from other parts. 
5 During parts of the image where little change occurs, Q 
drops which can result in uninteresting areas being coded 
very accurately. The objects of interest are, however, 
usually the moving ones. Conversely, during the coding of 
areas of high activity, Q rises creating large errors in 
10 moving areas. When this is combined with a block based 
transform, the errors can become visually annoying. 

The method of rate control described in connection 
with one embodiment of the present invention uses one 
value of 0 for the whole frame. The value of Q is only 
15 adjusted between frames. All parts of an image are 
therefore encoded with the same value of Moreover, 
because the tree structure allows a relatively few number 
of blocks to be tested to determine an estimate of the 
number of bits generated for a given frame, more 
2 0 intelligent methods of varying Q to achieve an overall 
desired bit rate are possible than are possible with 
conventional compression/decompression techniques. 

TREE BASED MOTION ESTIMATION 
Figure 3 9 represents a black box 1 on a white 
25 background 2. Figure 40 represents the same black box 1 
on the same white background 2 moved to the right so that 
it occupies a different location. If these two frames of 
Figures 39 and 4 0 are encoded according to the above 
described method, there will be a tree in the wavelet 
30 decomposition which corresponds with the white-to-black 
edge denoted 3 in Figure 39. Similarly, there will be 
another tree in the wavelet decomposition of the image of 
Figure 4 0 which represents the white-to-black edge 3' the 
wavelet decomposition of the image of Figure 40. All of 
3 5 the data values corresponding to these two trees will be 
determined to be "interesting" because edges result in 
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interesting data values in all octaves of the 
decomposition. Moreover, due to the movement of the 
corresponding edge of black box 1, all the data values of 
the edges of both of these two trees will be encoded as 
5 interesting data values in the resulting compressed data 
stream. The method described above therefore does not 
take into account that it is the same data values 
representing the same white-to-black edge which is present 
in both images but which is just located at a different 
10 location. 

Figure 41 is.^ one dimensional representation of an 
edge. The corresponding low path component data values 
are not illustrated in Figure 41. Data values 4, 5, 6, 7, 
8, and 9 represent the "interesting" data values of Figure 

15 41 whereas the other data values have low data values 
which makes those blocks "non-interesting", m the 
representation of Flgxire 41, data values 4 and 5 are 
considered a single two data value block. Similarly, 
blocks 6 and 7 are considered a single block and blocks 8 

20 and 9 are considered a single block. Figure 41, although 
it is a one dimensional representation for ease of 
illustration, represents the edge 3 of the frame of 
Figure 39. 

Figure 42 represents the edge 3' shown in Figure 40. 

25 Figure 4 2 indicates that the edge of black box 1 has moved 
in location due to the fact that the values 19 and 21 
which in Figure 41 were in the two data value block 8 and 
9 are located in Figure 42 in the two data value block 10 
and 11. In the encoding of Figure 42, rather than 

30 encoding and sending into the compressed data stream the 
values 19 and 21, a control code is generated which 
indicates the new locations of the two values. Although 
numerous control codes are possible, only one embodiment 
is described here. 

35 When the two data value block 10 and 11 is tested to 

determine whetlier it is interesting or not, the block 
tests to be interesting. The neighboring blocks in the 
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old frame are, however, also tested to determine whether 
the same values are present. In this case, the values 19 
and 21 are determined to have moved one two data value 
block to the right. An "interesting with motion" token is 
5 therefore generated rather than a simple "interesting" 
token. A single bit 1 is then sent indicating that the 
edge represented by values 19 and 21 has moved to the 
right. Had the edge moved to the left, a control code of 
0 would have been sent indicating that the edge 
10 represented by values 19 and 21 moved one location to the 
left. Accordingly, in the encoding of Figure 42, an 
"interesting with motion" token is generated followed by a 
single control code 1. The interesting values 19 and 21 
therefore need not be included in the compressed data 
IS stream. The video decoder receiving this "interesting 

with motion" token and this control code 1 can simply copy 
the interesting values 19 and 21 from the old frame into 
the indicated new location for these values in the new 
frame obviating the need for the video encoder to encode 
20 and transmit the actual interesting data values 

themselves. The same token and control codes can be sent 
for the two data values corresponding to a block in any 
one of the octaves 0, 1 or 2. 

Figure 4 3 represents the motion of the edge 3 of 
25 Figure 39 to a new location which is farther removed than 
is the new location of black box 1 shown in Figure 40. 
Accordingly, it is seen that the values 20 and 21 are 
located to the right at the two data value block 12 and 
13. In the encoding of this two data value block 12 and 
30 13 a token indicating "interesting with motion" is 
generated. Following that token, a control code 1 is 
generated indicating motion to the right. The video 
encoder therefore need not encode the data values 20 and 
21 but merely needs to generate the interesting with 
3 5 motion token followed by the motion to the right control 
code. When the video encoder proceeds to the two data 
values block 14 and 15, the video encoder need not send 
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the "interesting with motion" token but rather only sends 
the left control code 0. Similarly, when the video 
encoder proceeds to encode the two data value block 16 and 
17, the video encoder only sends the left control code 0. 
5 The control codes for octaves 0 and 1 do not denote motion 

per se but rather denote left or right location above a 
^ lower frequency interesting block of the moving edge. 
This results in the video encoder not having to encode any 
of the actual data values representing the moved edge in 
10 the decomposition of Figure 43. 

The one dimensional illustration of Figures 41, 42 
and 43 is presented for ease of illustration and 
explanation. It is to be understood, however, that this 
method of indicating edge motion is used in conjunction 
15 with the above described two dimensional wavelet 
decomposition such as the two dimensional wavelet 
decomposition illustrated in Figvire 25. The video encoder 
searches for movement of the data values representing an 
edge only by searching the nearest neighboring blocks of 
20 data values in the old frame. This method can be used to 
search many neighbors or a few neighbors depending on the 
application. The counter scheme described in connection 
with Figures 27 and 28 can be used to determine the 
locations of those neighboring blocks. Although the edge 
25 motion illustrated in connection with Figures 41, 42, and 
43 shows the very same data values being moved in the tree 
structure of the decomposition, it is to be understood 
that in practice the values of the data values 
representing the same edge may change slightly with the 
30 movement of the edge. The video encoder takes this into 
account by judging corresponding data values using a 
motion data value threshold to determine if corresponding 
data values in fact do represent the same edge. By 
indicating edge motion and not sending the edge data 
35 values themselves it is possible to both increase the 
compression and also improve the quality of the 
decompressed image . 
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SIX COEFFICIENT OUASI-DAUBECHIES FILTERS 
The Daubechies six coefficient filters are defined by the 
six low pass filter coefficients, listed in the table 
below to 8 decimal places. The coefficients are also 
5 defined in terns of four constants, a, /?, y and e, where q 
= 0. 10588942, j3 = -0.54609641, y = 2.4254972 
and € = 3.0059769. 





Daubechies 


Alternative 


Kornaiized 


Converted 




coef f iciente 


repreeentat ion 


coefficients 


Coefficients 


a 


0.33267055 


l/c 


0.2352336 


30 










128 


b 


0.80689151 




0.57055846 


73 








128 


c 


0.45987750 




0.3251825 


41 








128 


-d 


-0.13501102 


- ay)/€ 


-0. 095467208 










-e 


-0.08544127 


-ay/e 


•0. 060416101 


128 


f 


0.03522629 


a/e 


0. 024908749 


3 






128 



Table 4 

15 The coefficients (a, b^ c, -d, -e, f) sum to . The 
normalized coefficients sum to 1, which gives the filter 
the property of unity gain, which in terns of the 
alternative representation is equivalent to a change in 
the value of e to 4.2510934. These values can be 

20 approximated to any given precision by a set of fractions. 

In the example shown above, each of the normalized values 

has been multiplied by 128 and rounded appropriately, thus 

the coefficient a has been converted to . Filterinq 

128 ^ 

is therefore possible using integer multiplications rather 
25 than floating point arithmetic. This greatly reduces 
implementation cost in terms of digital hardware gate 
count and computer software speed. The following 
equations show a single step in the filtering process, the 
outputs H and G being the low and high pass outputs, 
3 0 respectively: 

Hi^aDo+bDi+cD2-dD3"eD4+fDs (equ. 72) 
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Gi=-fDo-eDj+dD2+cD3-bD,+aD3 (equ. 73) 

Hj and are calculated as follows. Each data value D 
is multiplied by the relevant integer numerator (30, 73, 
41, 12, 7, 3) and summed as shown. The values of H and G 
5 are found by dividing the summations by the constant 128* 
Because 128 is an integer power of 2, the division 
operation requires little digital hardware to implement and 
only simple arithmetic shift operations to implement in 
software. The filters H and G are quasi-perfect 
10 reconstruction filters: 

a+b+c-d-e+f=l (equ, 74) 

"-f-e+d+c-b+a=»0 (equ. 75) 

a+c-e»-i (equ. 76) 

f-d+ba-| (equ. 77) 

15 Equation 74 guarantees unity gain. Equation 75 

guarantees that the high pass filter will generate zero for 
a constant input signal. Eguationc 76 and 77 guarantee 
that an original signal once transferred can be 
reconstructed exactly. 
20 The following equations show a single step in the 

inverse transformation: 

D2-2("eHo"bGo+cH,+dG,+aH5-fG2) (equ. 78) 

D3=»2 (fHo+aGo-dHj+cGi+bHj-eGi) (equ. 79) 

As for the forward filtering process, the interleaved 
25 H and G data stream is multiplied by the relevant integer 
numerator and summed as shown. The output D data values 
are found by dividing the summations by the constant 64, 
which is also an integer power of 2. 

To calculate the first and last H and G values, the 
30 filter equations must be altered such that values outside 
the boundaries of the data stream are not required. For 
example, if Hq is to be calcualted using the six coefficient 
filter, the values D., and D.j would be required. Because 
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these values are not defined, a different filter is used at 
the beginning and end of the data stream. The new filters 
are determined such that the reconstruction process for the 
first and last two data values is possible. The following 
5 pair of equations show the filter used to calculate the 
first H and G values: 

Ho=cDo-dD,-eD2+fD5 (equ. 80) 

Go=dDo+cD, -bDj+aDj ( equ . 81) 

The last H and G values are calculated with: 
10 Hj^aDj+bD^+cD^-dDa (equ, 82) 

Gj-fD,-eD9+dDA+cDj (equ. 83) 

In this case, these equations are equivalent to using 
the non-boundary equations with data values outside the 
data stream being equal to zero. The following inverse 
15 transform boundary filters are used to reconstruct the 
first two and last two data values: 

I?o-2( (c-|)/fo*(d*-|)Go*aif^-/GJ (equ. 84) 

r>^-2H^-d)H^^{c-^)G^*bH^'eG^) (egu. 85) 
Dj,«2{-eH,'bG^*{C'^)H^'^{d-^)G^) {equ. 86) 

Ds^2(fH,^aG^-(d^^)H^^(c-^)G^) (equ. 87) 



INCREASING SOFTWARE DECOMPRESSION SPEED 
A system is desired for compressing and decompressing 
video using dedicated digital hardware to compress and 
20 using software to decompress. For example, in a video mail 
application one user uses a hardware compression expansion 
card for an IBM PC personal computer coupled to a video 
camera to record a video message in the. form of a video 
message file. This compressed video message file is then 
2 5 transmitted via electronic mail over a network such as a 
hardwired network of an office building. A recipient user 
receives the compressed video message file as he/she would 
receive a normal mail file and then uses the software to 
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decompress the ccmpressed video message file to retrieve 
the video mail. The video mail may be displayed on the 
monitor of the recipient's personal computer. It is 
desirable to be able to decompress in software because 
5 decompressing in software frees multiple recipients from 
purchasing relatively expensive hardware. Software for 
performing the decompression may, for example, be 
distributed free of charge to reduce the cost of the 
composite systejo, 

10 In one prior art system, the Intel Indeo video 

compression system, a hardware compression expansion card 
compresses video and a software package is usable to 
decompress the compressed video. This system, however, 
only achieves a small compression ratio. Accordingly, 

15 video picture quality will not be able to be improved as 
standard personal computers increase in computing power 
and/ or video bandwidth. 

The specification above discloses a method and 
apparatus for compressing and decompressing video. The 

2 0 software decompression implementation written in the 

programming language C disclosed in Appendix A only 
decompresses at a few frames per second on a standard 
personal computer at the present date. A method capable of 
implementation in software which realizes faster 
25 decompression is therefore desirable. 

A method for decompressing video described above is 
therefore modified to increase software execution speed. 
Although the b=19/32, a-11/32, c-5/32 and d=3/32 
coefficients used to realize the high and low pass forward 

3 0 transform perfect reconstruction digital filters are used 

by dedicated hardware to compress in accordance with an 
above described method, the coefficients b"5/a, a=3/8, 
c*l/8 and d=l/8 are used to decompress in software on a 
digital computer. The coefficients are determined as shown 
35 in the table below. 
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a = 


l+v/3 




8 


b = 






8 


c = 






8 


d = 





•3415 (8) = 2.732 = 1 

8 

5915 (8) = 4 .732 = 1 

8 

1585 (8) . 1.268 = 1 

8 

•0915 (8) = 0.732 = 1 

8 



Table 5 

An even start inverse transform digital filter in 
accordance with the present embodiment is: 



Do = 4[(b-a)Ho + (c-d)Go] (equ. 88) 

where, for example, is a first inverse transformed data 
10 value indicative of a corresponding first data value of a 

row of the original image, and where Ho and G„ are first low 

and high pass component transformed data values of a row of 

a sub-band decomposition. 

An odd end inverse transform digital filter in 
IS accordance with the present embodiment is: 

Db = 4r(c+d)H, - (a+b)Gj] (equ. 89) 

where, for example, D, is a last inverse transformed data 
value indicative of a corresponding last data value of a 
row of the original image, and where H, and G, are last low 
20 and high pass component transformed data values of a row of 
a sub- band decomposition. 

An odd interleaved inverse transform digital filter in 
accordance with the present embodiment is: 

= iH(X-l)-iG(x.l) + iH(x)-KlG(x) (equ. 90) 



25 



An even interleaved inverse transform digital filter 
in accordance with the present embodiment is: 

^ = -i"(>'-l)*iG(x-l) + iH(x)-.lG(x) (equ. 91) 

As indicated by equations 90 and 91, the odd and even 



interleaved inverse transform digital filters operable 



on 
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the same H and G values of the sub-band decomposition but 
generate the odd and even inverse transforraed data values 
in a row between the even start and odd end filters of 
equations 88 and 89 • • 
5 Using the above even start, odd end, odd interleaved 

and even interleaved inverse transform digital filters, a 
frame rate of approximately 15 frames/second is realizable 
executing on a Macintosh Quadra personal computer having a 
68040 microprocessor. Digital filters using the 
10 coefficients b==5/8, a»3/8, c-l/B and d=l/8 may also be 
realized in dedicated digital hardware to reduce the cost 
of a dedicated hardware implementation where a slightly 
lower compression ratio is acceptable* 

To further increase software decompression speed when 
15 decompressing video on a digital computer, only two octaves 
of inverse transform are performed on video which was 
previously compressed using three octaves of forward 
transform. This results in the low pass component of the 
octave 0 decomposition. The low pass component of the 
20 octave 0 decomposition is a non-aliased high quality 
quarter size decimated version of the original image* 
Rather than performing octave 0 of inverse transform, 
horizontal linear interpolation is used to expand each row 
of data values of the low pass component of the octave 0 
25 decomposition into twice the number of data values. To 
expand the number of rows, each row of interpolated data 
values is replicated once so that the total number of rows 
is doubled. In some embodiments, interpolation techniques 
other than linear interpolation are used to improve image 
30 quality. For example, spline interpolation or polynomial 
interpolation may be used. 

To further increase software execution speed when 
decompressing video, luminance data values are decompressed 
using the digital filters of equations 88, 89, 90 and 91. 
35 The chrominance data values, on the other hand, are 

decompressed using even and odd interleaved reconstruction 
filters having a fewer number of coefficients than four. 
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In one embodiments, two coefficient odd interleaved Haar 
and even interleaved Haar filters are used. The even 
interleaved Haar reconstruction filter is: 



Do - (Ho + Go) (egu, 92) 

5 The odd interleaved Haar reconstruction filter is: 

Di = (Ho - Go) (equ, 93)' 

Because the above Haar filters each only have two 
coefficients, there is no boundary problem as is addressed 
in connection with an above-described method. Accordingly, 
10 another start inverse transform digital filter and another 
end inverse transform digital filter are not used* 

To increase software execution speed still further 
when decompressing video, variable-length SEND and 
STILL^SEND tokens are used. Data values are encoded using 
15 a Huffman code as disclosed above whereas tokens are 
generated in variable-length form and appear in this 
variable-length form in the compressed data stream. This 
allows decompression to be performed without first 
calculating flags. 
20 Figure 44 shows variable-length tokens used for 

encoding and decoding in accordance with some eihbodiments 
of the present invention. Because transitions from SEND 
mode to STOP mode or from STILL_SEND mode to STOP mode 
occur most frequently of the transitions indicated in 
25 Figure 44, the corresponding tokens consist of only one 
bit. 

In general, if an area changes from white to black in 
two consecutive frames of a video sequence and if the 
encoder is in LPF^SEND mode, then the difference between 
30 the corresponding data values after quantization will be 
much larger than 37. 3 7 is the maximum number encodable 
using the specific Huffman code set forth in connection 
with an above-described method. Because such a large 
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change in data value cannot be encoded, an artifact will 
be generated in the decompressed image for any change in 
quantized data values exceeding 37, Accordingly, the 
Huffman code in the table below is used in accordance with 
5 one embodiment of the present invention. 



HUFFMAN CODE 


qindex 


0 


0 


isl 


±1 


IsOl 


+2 


IsOOl 


+3 


IsOOOl 


±4 


IsOOOOl 


±5 


IsOOOOOl 


±6 1 


laOOOOOOl 


±7 1 


IsOOOOOOO (|qindex|-8) 


±8 . . ±135 1 



Table 6 



In Table 6 above, the value (|gi;3dejir| - 8) is seven bits 
in length. The s in Table 6 above is a sign bit. 
This embodiment is not limited to video mail 

20 applications and is not limited to systems using dedicated 
hardware to compress and software executing on a digital 
computer to decompress. Digital circuitry of a general 
purpose digital computer having a microprocessor may be 
used to decode and inverse transform a compressed image 

25 data stream. The coefficients 5/8, 3/8, 1/8 and 1/8 

independent of sign may be the four coefficients of four 
coefficient high and low pass forward transform perfect 
reconstruction digital filters used to transform image 
data values into a sub-band decomposition. 
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Although the present invention has been described by 
way of the above described specific embodiments, it will be 
understood that certain adaptations, modifications, 
rearrangements and combinations of various features of the 
5 specific embodiments may be practiced without departing 
from the scope of the invention. Filters other than the 
four coefficient quasi-Daubechies filters can be used. In 
some embodiments, six coefficient quasi-Daubechies filters 
are used. Embodiments of this invention may, for example, 

10 be practiced using a one-dimensional tree structure, a two- 
dimensional tree structure, or a three-dimensional tree 
structure. Rather than testing whether or not a two-by-two 
block of data values is interesting, blocks of other sizes 
may be used. Three-by-three blocks of data values may, for 

15 example, be tested. Blocks of different sizes may be used 
in different octaves of a decomposition. In certain 
embodiments, there are different types of interesting 
blocks. The use of tokens in combination with use of a 
tree structure of a decomposition to reduce the numiber of 

2 0 data values encoded may be extended to include other tokens 

having other meanings. The "interesting with motion" token 
is but one example* Tree structures may be used in 
numerous ways to estimate the activity of a frame for rate 
control purposes. Numerous boundary filters, thresholds, 
25 encoder and decoder modes, token schemes, tree traversing 
address generators, quantization schemes, Huffman-like 
codes, and rate control schemes will be apparent from the 
specific embodiments. The above-described specific 
embodiments are therefore described for instructional 

3 0 purposes only and are not intended to limit the invention 

as set forth in the appended claims. 
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source/Bits. c 



/* 

Reading and writing bits from a file 

*/ 

^include " . ./include/xwave.h" 
^include " . . /include/Bits, h" 

Bits bopen(name,mode) 

String name, mode; 

{ 

Bits bits = (Bits)MALLOC(si2cof(BitsRcc)); 

if((bits- > fp=fopcn(namc,mode))= =(FILJE*)0)Eprintf( "Failed to open binary 
file\n"); /♦change*/ 

bits- > bufsizc = 0; / *new*/ 

bits- > buf = (unsigned char)0; /*Dew*/ 

renjm(bits); 

} 

void bclose(bits) 
Bits bits; 
{ 

if(fclose(bits->fp)!=0) Eprintf("Failed to dose binary fileXn"); /*was: 
fclose(bits->fip)*/ 
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XtFrcc(bits); 

} 

void bread(bytes,num,bits) 

unsigned char *bytes; 
int Dum; 
Bits bits; 

{ 

int byte»0, bii=0,pull,b; 

bytcsfbytc]-0; 
while(num>0) { 

if (bits- > bufsizc = =0) { 

piiU = fgeic(bits- > fp); 
if(pull==EOF) 
{ 

/*printfCEOF\n"); Previously didn't check for 
EOFrbits- > buf = (unsigned char)fgetc(bits- > fp)*/ 

for(b = byte + 1 ;b < nuin/8 + 1 ;b + + ) 
byics[b]= (unsigned char)0; 

return; 

} 

bits- > buf = (unsigned char)pull; 
bits->bufsi2c=8; 

} 

bytes(byte] =((l&bits- > buf)J =0)?bytes[bytel | (1< < bit):bytes[byte]& - (1< < bit); 

if (bit= =7) { bit=0; bytc+ + ; byics[bytel=0; } /♦ was bit= =8 ♦/ 

else bit++: 

bits- > buf = bits- > buf > > 1 ; 
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biis-> bufsize-; 
num-; 

} 

} 

void bwriie(byTes,DUin,bits) 

unsigned char *byies; 
int num; 
Bits bits: 



im bytc=0, bit=0: 
unsigned char xfer; 



while(num > 0) { 

if (bit=^0){ 

xfer = bytes [byte + + ] ; 
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source/Color.c 
/♦ 

* Color routines 
*/ 

^include " . . /inciudc/x wa ve .h " 
#dcfmc GAMMA 1.0/2,2 

int 

VisuaJClass[6] = {PseudoColor,DirectCoIorJnieColor,SudcCoIor,GrayScale,Stan^ 

/* Function Name; Range 

* Description: Range convert for RGBAIA'' calculations 

* Arguments: old^x - old value (O..old_r-1) 

* old_r - old range <new_r 

* new_r - new range 

* Returns: old_x scaled up to new range 
♦/ 

int Rangc(old_x,old_r,new_r) 

int old_x, old r, new^r; 

{ 

reium((old_x*ncw_r)/oId_r); 

} 

y* Function Name: Gamma 

* Description: Range conven with Gamma correction for RGB/YUV calculations 

* Argimients: as Range + 

* factor - gamma correction factor 
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* Returns: old_x gamma conecied and scaJed up to new range 

int Gamnia(oId_x,old_r,new_r,factor) 

iDt old_x, old^r, new_r; 
double factor; 

{ 

rcnirii((int)((double)new_r*pow((dc>uble)old_x/(doublc)old_r,factor))); 

} 

/♦ Function Name: Dither 

* Description: Range convert with dithering for RGB/YUV caiculations 

* Arguments: levels - output range (O..IeveIs-l) 

* pixel - pixel vahic (0..K <8+precisioD-l) 

* X, y - dither location 

* precision - pixel range (0..K <8+prccision-l) 

* Returns: dithered value (O..Icvcls-l) 
*/ 

int Dither(]evc]s,pixcl,x,y,precision) 

int pixel, levels, x, y, precision; 

{ 

int bits=8+precision, 

pixlev=^pixel*levels, 

value = (pixlev> >bits)+((pixlcv-(pixlev&(-l< <bits)))> > precision > global- >dither[x 
&15][y&15]?l:0); 
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reruni(value> =levels?levels-l: value); 

} 

/* Function Name: CoICvi 

♦ Descriprion: Convcns between RGB and YUV triples 

* Aigumenis: src - source triple 

♦ dsi - destination triple 

♦ rgb^yuv - convert direction RGB- > YUV True 

* max - range of data (max-L.-max) 

* Returns: alters dst. 
*/ 

void ColCvt(src,dst,rgb_yuv,raax) 

short src[3], dst[3]; 
Boolean rgb^yuv; 
int max; 

{ 

double rgbj^v_inat[2][3][3] = {{ 

{0.299,0.587,0.114}. 
{-0.169,-0.3316,0.5}, 
{0.5.-0.4186,-0.0813} 

}.{ 

{1,0,1.4021}, 

{1,-0.3441.-0.7142}. 

{1,1.7718.0} 

}}: 

int i, channel; 



for(channel=0;channel<3;channei + 4-) { 



wo 94/Z3385 



PCT/GB94/00677 



-96- 

double sum=0.0; 

for(i=0;i<3;i-h+) 
siim+ =(double)(src[i])*rgbjaiv_mat[rgb_>^v?0:l][chanDel)[i]; 

dst(channel] = (mt)suin < -max?-max:(ini)siiiii > raax-1 ?max-l :(shon)suni; 

} 

} 

/* Function Narac: CompositePixel 

* Description: Calculaies pixel value from components 

* Arguments: frame - Frame to be drawn on 

« X, y - coordinate of pixel in data 

* X, Y • coordinate of pixel in display 

* Returns: pixel value in colormap 
♦/ 

int CompositePixel(fTame,x,y,X,Y) 

Frame frame; 

int X. y, X, Y; 

{ 

Video vid = frame- > video; 

int channel = frame- > chaimeK pixel, value =0; 

if (channel! =3) { 

pixel =(lnt)vid- > daufchannel] [frame- > frame][Address2(vid, channel, x,y)] + (128 < < vid- 
> precision); 

value = Dithcr(global- > Icvels^pixcKX, Y, vid- > precision); 
} else for(channel=0;channcl<3;channcl++) { 
ini 
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levels = vid- > typc = = RGB?g]obal- > rgb_Ievels:g]obaJ- > yuv_levels(channcl]; 

puel = (int)vid- > daLa[channel][frame- > franie][Address(vid, channel, x.y)] +(128 < < vid 
> precision), > 

value = levels*value+Dither(levels,pixel,X,Y,vid- > precision); 

} 

retum( value); 

} 

void InitVisuaJO 
{ 

Display ♦dpy = XtDisplay(global- > toplcvel); 

int scm=XDcfaultScreen(dpy), class -0, depth =8, map, i, r, g, b, y, u, v; 
String 

VisualNamesI6] » { '^PseudoColor", "DirectColor", "TrueColor" , "StaticCoIor" , •GrayScalc" 
"StaiicGray"}; 

XColor color; 

global- > visinfo=(XVisualInfo *)MALLOC(sizcof(XVisuaUnfo)); 
while(depth>0 

&&!XMaichVisuaIInfo(dpy ,scm,depih, VisualClass[class],global- > visinfo)) 
if (class ==5) {class =0; depth-;} else class++; 
Dprintf("Visual: %s depth %d\n",VisualNaincs[class],depth); 
global- >paleties=(Palene)MAmx:(si2eof(PalcneRec)); 
strcpy(global- > palettes- > name,"Nonnal"); 
global- > palettes- > next =* NULL; 
global- > no_pals = 1 ; 
switchCglobal- > visinfo- > class) { 
case TrueCoIor: 
case DirectColor: 
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case SiaiicColor: 
case Grayscale: 

fprmrfCsiderr/Unsupponed visual type: %s\n\VisualNaines[cla5sJ); 
exitO; 
break; 
case PseudoColor: 

global- > levels = global- > visinfo- > colonnap^size; 

global- > rgbJevels=(mt)pow((double)global- > levels,! .0/3,0); 

for(map=0;map<2;map + +) { /* rgb non-gamma and gamma maps ♦/ 

global- > cmaps[niap] = XCreaieColoraiap(dpy,XDefaultRootWindow(dpy), global- > visinfo 
-> visual. Alloc All); 

for(r^O;r<global-> rgbjevcls;r+ +) 

for(g =0;g < global- > rgb_leveis;g + +) 

for(b =0;b < global- > rgb_levcls;b +) { 

color.pixel=(r*global- > rgbJevcls+g)*global- > rgbjevels+b; 

color.rcd = (map&l)?Gamma(r,global- > rgb Jcvcls, 65536, GAMMA);Rangc(r,gIobal- > rg 
bjevels,65536); 

color. grecn=(map&l)?Gamma(g,global->rgb_levels,65536,GAMMA):Raiige(g,global-> 
rgb_levels,65536); 

color.bluc = (map&l)?Gamma(b»global- > rgbJevcls,65536,GAMMA):Range(b,global- > r 
gbjevels,65536); 

color. flags -DoRed | DoGreen j DoBluc; 
XSioreCoIor(dpy.global- > cmaps[map],&color); 

} 

color.pixei =globai- > levcls-1; 
color.red=255< <8: 



wo 94/23385 PCT/GB94/00677 

-99- 

color. green = 255 < <8; 

color. blue = 255 < <8; 

color.flags = DoRsd | DoGreen | DoBlue; 

XStoreColor(dpy, global- > cmaps[niap],«S:cclor); 

} 

for(inap=2;map<4;raap++) { /♦ mono non-gamma and gamma maps */ 

globalo cmaps[map] = XCreaieColormap(dpy ,XDefaultRootWindow(dpy),global- > visi^^ 
- > visuaUAllocAll); 

for(i=0;i < global- > visinfo- > colonnap_sizc;i+ +) { 
color, pixel 5=1; 

co]or.red=(map&l)?Gainma(i,globaI- > levcls,65536,GAMMA):Range(i,^ 
5536); 

coIor.green=(raap&l)?Gamma(i,global->levcls,65536,GAMMA):Rangc(i,gIob^ 
,65536); 

color.blue=(map&l)?Gamma(i,global->levels,65536,GAMMA):Range(i,global-> levels, 
65536); 

color.flags=DoRed | DoGrccn | DoBluc; 
XStorcColor(dpy .global- > cmaps[map] ,&color); 

) 

} 

global- > yuv_levels[0] = (mt)pow((doublc)global" > levels, 1 .0/2.0); 
global- > yuv_Ievels[l] =(ini)pow((doublc)global- > levels,! .0/4.0); 
global- > yuv_levcls[2] = (mt)pow((double)globaI- > levels, 1 .0/4.0); 
for(map-4;map<6;raap-h+) { /* yuv non-gamma and gamma maps */ 



global- > cmaps[map] =XCreateColormap(dpy,XDefaultRootWindow(dpy),global- > visinfo 
-> visual. Alloc All); 

for(y =0;y < global- > yuvjevels[0];y + +) 
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for(u=0:u < global- >yuv_levels(l];u+ +) 

for(v =0; V < global- > yuv_ievels[2] ; v + +) { 
short 

src(3] = {(sbon)(Raiige(y .global- > yuv_levels[0],65536)-32768). 



(shon)(RajQge(u,g]obaI->yuv_Ievels(l],65536)-32768), 

(shon)(Range(v,global- > yuv_levels(2],65536)-32768)}, dst[31; 

ColCvt(sre,dst.Falsc,65536/2); 

color.pixel =(y •global- > yuv_lcvels(l] -m)*global- > yuv_lcvelsI2] + v; 

color.red=(map&l)?Ganmia((int)dst[0]-H32768,65536,65536,GAMMA):(mt)dst(0]-h32 
8; 

color.green=(niap&l)?Ganmia((int)dsiIl]+32768,65536,65536,GAMMA):(iiu)dst[l]-l-32 
768; 

color.bluc=(map&l)?Ganmia((mi)dst(2]-h32768.6f536.65536,GAMMA):(int)dst[2] -1-327 
68; 

color. flags =DoRed | DoGreen | DoBlue; 



XSioreColor(dpy .global- > cinaps[map] ,&color); 

} 

color.pixel = global- > levels- 1; 

color.rcd=255< <8; 

color.green=255< <8; 

color.bluc=255<<8; 

color. flags =DoRcd | DoGreen | DoBlue; 

XS!orcColor(dpy .global- > cmaps[map],&color); 
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global- > pakacs- > mappings = NULL; 
break; 
case SiaticGray: 

global- > levels = 1< < depth; 

for(i =0;i < 6;i+ +) global- > cmapsfi] = XDefaultColonDap(dpy ,scrn); 
color,pixel=0; 

XQueryColor(dpy.Xr>efaxjItColonnap(dpy,scni),ifecolor); 
if (color.red==0 && color.green==0 && color.bluc= =0) 
global- > palettes- > mappings = NULL; 
else { 

global- > palettes- > mappings = (Map)MALLOC(sizeof(MapRec)); 

global- > palettes- > mappings- > start =0; 

globaJ- > palettes- > mappings- > finish = global- > levels- 1 ; 

global- > palettes- > mappings- > m = - 1 ; 

global- > palettes- > mappings- > c » global- > levels- 1 ; 

global- > palettes- > mappings- > next = NULL; 

} 

break; 

} 

} 

Colonnap ChaimclCmap(channel,type,gamnia) 

im channel; 
VideoFonnat type; 
Boolean gamma; 

{ 

Colonnap cmap; 

if (channel!=3 || typc=-MONO) { 

if (gamma) cmap=global->cmaps[global->cmapsl2] = =NULL?3:2]; 
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else cm2p=gIobal->cmaps(g]obal->cmaps{3]= = NULL?2:3]; 
} else if (type == RGB) { 

if (gamma) cmap = global- > cm2ps[global- > craaps(0] = = NULL? 1:0]; 
else cmap = global- > cmapslglobal- > cmapsf 1 ] = = NULL70: 1 ] ; 

} else { 

if (gamma) cmap = global- > cmaps[global- > cmaps(4] = =NULL?5:4]; 
else cmap=global->cmaps[global->cmaps[5]==NULL?4:5]; 

} 

renini(cmap); 
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source/Converl.c 



^include "../include/xwave.h" 
shon cii(c) 
char c; 

{ 

rctuni((short)(c)*-128); 

} 

char itc(i) 
short i; 

{ 

siadc int errors sbO; 
if(i<-128 II i>127){ 
if (errors = =99) { 

Dprintf("100 Conversion overflows\n"); 
errors »0: 
} else crrors++; 
i=(i<.128)?-128:127; 

} 

retum((char)(i*128)); 
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source/Con voIve3.c 



/* 

2D wavelet transfonn convolver (fast hardware emulaiion) 
New improved wavelet coeffs : 11 19 5 3 

♦/ 

^include "../includc/xwavc.h" 
/* Function Name: Round 

* Description: Rounding to a fued number of bits, magnitude rounded down 

* Arguments: nuimber - number to be rounded 

* bits - shifted bits lost from number 

* Returns: rounded number 
*/ 

short Round(number,bits) 

int number; 
int bits; 

{ 

if (bits= =0) rcturn((sbon)nuniber); 

else returD((shon)(nuiDber+(l < <bits-l)-{number<0?0:l) > > bits)); 

) 

/♦ Function Name: Convolve 

* Description: Perform a wavelet convolution on image data 

* Argximents: data - data to be transformed 

* dim - convolution direction 



wo 94/233SS 



PCT/GB94/0MT7 



- 105 . 

♦ size - size of iraage data 

♦ oci_src, oct_dst - initial and final ocuvc numbers 

♦ Returns: data altered 
*/ 

void Convolve(data,dirD,sizc,oct_src,oct_dst) 

short *data; 

Boolean dim; 

ini sizePl, oct_src, oct dst; 

{ 

int tflb[4][4], addr[4] = {-l.-l.-l,.l}, index, mode, i, j, oct, oricni, 
area = size[0] *sizcll] ; 

Boolean fwd_rev = oct^src < oct__dst; 

int windows[12][5]={ 

{1,2,3,-4,2}. /* 0 - normal forward 0 ♦/ 
{4,-3.2,1,3}, /• 1 - normal forward 1 ♦/ 
{1,-2.3,4,2}, /♦ 2 - nonnal reverse 0 */ 
{4.3,2,-1.3}, /* 3 - normal reverse 1 */ 
{2,3.4,-4.3}, /• 4 - end forward 0 */ 
{4,-4,3.2.4}, /♦ 5 - end forward 1 •/ 
{2,2.3,-4,2}, /* 6 - Stan forward 0 ♦/ 
{4,-3,2,2,3}, /* 7 - start forward 1 */ 
{3,-4,-4.3,4}. /* 8 - break reverse end dim= =False*/ 
{4,3,-3,-4.3}, /• 9 - break reverse stan diin==False */ 
{-3,-4,4,3,4}, /* 10 - break reverse end dim==True •/ 
{-4,3,3,-4,3}, /• 11 - break reverse stan dim= =Tnie */ 

}, win[3]; /* 12 - no calculation */ 

for(oct=oct_src;oct! =oct_dst;oct+ =(fwd_rev?l :-l)) { 
long shift=oct-(fwd_rev?0:l); 
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for(oricnt=0;orieni<2;oricnt++) { 

Boolean x_y = fwd_rev= = (orient = =0); 

for (mdex=0;index<(area> > (shift << l)),index ++) { 

long major, minor, value. valuex3, valuexll, valuexl9, valucxf; 

major=index/(size[x_y?0:lJ> > shift); 
minor=indcx-major*(si2e[x_y?0:l]> > shift); 
for(j=0;j<3;j + +) win[j] = 12; 
switch(niinor) { 
case 0: break; 

case 1: if (!fwd_rcv) win(0]= dim? 11:9; break; 

case 2: if (fwd_rcv) { win[0]=6; wiii[l]=7; }; break; 

default: 

if (minor+ 1 = =size[x_y?0: 1] > > shift) { 

if (fwd__rev) { win[0]=4; wintl]=5; } 

else { win(0]=2; win(l]=3; win[2]-dini?10:8: } 

} else if (fwd_rcv) { 

if ((l&minor)==0) { winI0]=O; wiii(l]=l; } 

} else { 

if ((l&ininor)!=0) { win(0]=2; winll]=3; } 

} 

} 

addrI3& index] =(x_y?mmor:major) +si2e[0]*(x^?major:mmor) < < shift; 
value = (int)data[addr[3&indcx]l ; 

valucx5 = value -f( value < <2); 

valucx3 = value + (value < <1); 

valucx 1 1 « valucx3 + (value < < 3) ; 

valucxl9=valucx3+( value < <4); 

iab[3&iiidex][3] = fwd_rev |] !dini?valuex3:valuexl9; 

tab[3&index][2J = fwd_rev || dim?valuex5:valuexll; 
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iab[3&iixlcx]Il] = fwd_rcv {| !dini?vaIucxl9:vaJuex3; 
iab{3<& index ][0] = fwd_rev || dim?valuexll:valuexf ; 
for0'=0;j<3 && win(jj! = 12;j+ +) { 
ini conv=0; 

for(i=0;i<4;i++) { 

int wave=dirQ?3-i:i; 



conv+ = negif(0> wiiidows[wm(j]]Iwave],tab[3&index +abs(windows[win[i]](i])]Iwavel); 
} 

daiafaddr[3&iiMtex + wiiidows[wiii[j]][41]] =Round(conv,fwd_rev?5:winO] > 7?3:4); 
} 

}}} 

} 
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source/Copy.c 



Copy video, includes direct copy, differencing, LPF zero, LPF only, RGB-YUV 
conversion and gamma correction 
*/ 

^include " . ./include/xwave.h" 
#include Xopy.h" 
extern ini ShiftQ; 
extern void ColCvtO; 



void CopyVidcoCtrl(w,closurc,call_data) 



Widget w; 

caddr t closure, call data; 



CopyCtrl Ctrl «= (CopyCtri)closure; 

Video new = Copy Headcr(ctrl- > video), src =ctrl- > video; 

int frame, channel, i, x, y, X, Y, map{256]; 

if (global- > batch = = NULL) 
Ctrl- > mode (int)XawToggleGctCuiTcn£(ctrl- > radioGroup); 
strcpy(ncw- > name,ctrl- > name); 
sircpy(new- > files,new- > name); 
switch(ctrl- > mode) { 
case 1 : Dprintf("Dircci copy\n"); 

new- > UVsample[0] =cirl- > UVsamplefO]; 

new- > UVsample[l] =cirl- > UVsample[l]; 
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break; 

case 2: DpriDtf("Differences\n"); 
break; 

case 3: Dprintf("LPF 2ero\n"); 

break; 

case 4: Dprintf("LPF OQly\n"); 

new- > trans .type = TRANS^None; 

new- > si2e[0] =new- > si2e[0] > > new- > trans. wavelet. space[0]; 

Dew->si2c[l] = new->si2e[l]> > new- > trans. wavclet.spacc[0]: 

break; 

case 5: Dprintf("RGB-yUV\n"): 

new- > type - new- > type = « YUV7RGB: YUV; 
new- > lJVsamplc[01 =0; 
new- > UVsample[l] =0; 
break; 

case 6: Dprintf('*Gamma conversionVn"); 

new- > gamma = !new-> gamma; 
for(i=0;i<256;i++) 
map[i] = gamina(i,256,ncw- > gamma?0.5 :2.0); 

break; 

} 

if (new- > disk= =Tnic) SaveHeader(new); 
for(framc«=0;frame<ncw->sizc[2];framc++) { 

GctFramc(src,framc); 

NewFrame(new,framc); 

s witch(ctrl- > mode) { 

case 1: 

for(channel =0;channel < (new- > type = = M0N0?1 :3);channel + +) { 

int si2e=Si2e(new,channel,0)*Si2e(new,channel,l); 
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forO- = 0; y < Si2e(ncw,chamicl, 1 );y + + ) 

for(x=0;x<Si2e(new,chaiinel.0);x++) 

newO data[channel][ft^e][x + Si2£(Dew.chaimel,0)*y] = src- > data[chaimei][frame) 
x.src- > type = = YUV && 

channel! =0?new- > UVsamplc(0]-src-> UVsampk[0]:0)+Size(src,ch2nnel.0)*Shift(y.src- 
>type==ylJV &.&. channel! = 0?ncw->UVsample(l]-src->UVsample[l]:O)]; 

} 

break; 

case 2: 

for(channc]=0;chaimel < (new- > type - = M0N0?1 :3);chaimcl + +) { 

int 

size = Si2e(aew,cliaiinel.0)*Si2e(new,channcl, 1); 

for(i=0;i<sizc;i++) 

new- > data[channel](frame][i] - src-> data[channcl][fi^c][il-^ =0?0:src-> data[ch 

anncl][frame-l][i]); 

) 

break; 

case 3: 

for{channel =^ 0;channel < (new- > type = = MONO?1 :3);channel + +) { 

int 

size = Si2c(ncw,channcl,0)*Size(new,channeU); 

for(i=0;i<si2e;i+4-) { 

X = i %Si2e(new,channel,0); 

y = i/Si2c(ncw,channel,0); 

if 

(x%(l< < nc w-> trans, wave let. space[new.> type == YUV 8lSl channel! =0?1:0])==0 
&& y%(l< <new-> trans. wavelei.space[new->type==YUV && 
channel! =0?1:0])==0) 
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new- > data[channel][fraine][i] =0; 

else 

new- > data [channel] [frame][i] =src->dat2[channel]IfraiBe][i]; 

} 

} 

break; 

case 4: 

for(channel = 0;channcl < (new- > type = = M0N0?1 :3);chanDel -!-+){ 

int 

si2e=Si2e(new,channel,0)*Size(new,channel,l); 

for(i==0;i<si2c;i++) { 

x=i%Sizc(ncw,channeI,0); 

y = i/Sizc(new.chanDcl .0); 

new- > data[channel] [frame] [i] =src- > data[channel] [frame] [(x +(y < < new- > nans. wavele 
I. space[0])*Size(new, channel, 0))< < new- > trans. wavelet.space[0]]; 

} 

} 

break; 

case 5: for(X = 0;X < new- > si2e[0] ;X -I- + ) 
for(Y=0;Y<Dew->sizc[l];Y-l-H-) { 

short src_triple[3], dst_nTple[3]; 

for(channel = 0;channel < 3 ;chaniiel + + ) 

src_Giple[chanDel]=STC- > data[channel][firame][Address(src,channel,X,Y)]; 

ColCvi(src_triple,dst_triple,Qew-> type= == YUV.l < < 7 -h new- > precision); 

for(channel =0;chaimel < 3 ;channel + + ) 

} 

SUBSTITUTE SHEET (RULE 26) 
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break; 

case 6: 

for(cfaannel=Q;channel < (new- > type= =M0N0?1 :3);channel+ +) { 

int 

s ize = S i2e (new , channe 1 . 0) * S i2e(new , channel, 1 ) ; 

for(i=0;i<si2e;i-f +) 
new- > daia[channcl][fTamc][i] =map[src- > daia[chanDel][fraroc][i] + 128]-128; 

} 

break; 

} 

if (frame >0) FrecFrame(src, frame- 1); 
SavcFramc(new, frame); 
FrccFramc(ncw,framc); 

} 

FrccFrame(src,src- > sizc(2]-I); 
new* > next = global- > videos; 
global- > videos =ncw; 

} 

void BaicbCopyCtrl(w,closure,caIl_data) 

Widget w; 

caddrj closure, cali_dau; 

{ 

CopyCtrl ctrl=(CopyCtrl)cIosure; 

if (Ctrl- > video = = NULL) 
Ctrl- > video - FindVideo(ctrl- > src_name. global- > videos); 
CopyVidcoCtrl(w,closure,caII_data); 

} 
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CopyCtrl InitCopyCtiKnamc) 



String name; 



{ 

CopyCtrl Ctrl = (CopyCtrI)MALLOC(si2eof(CopyCtrlRec)); 

stTcpy(ctrI- > src_namc,name); 
strcpy(ctrl- > name, name); 
ctrl->inode=l; 
retum(ctrl); 

} 

#dcfme COPYJCONS 17 
void CopyVideo(w,closurc,caIl_daia) 

Widget w; 

caddr_t closure, call_data; 



Video video =(Video)closuiie; 

Cq)yCtrl Ctrl =InitCopyCtrl(video-> name); 

Numlnput lA^inpuis=(NuniInpui)MALLOC(2*si2eof(NumJD{)utRec)); 
Message msg =NewMessage(ctrI- > namcNAMELEN); 
XiCaUbackRec destroy_caUD = { 

{Free,(caddrj)ctrl), 

{Free,(caddr_t)UVinputs) , 

{CloseMessage,(caddr_t)msg}, 

{NULL,NULL>. 

}: 

Widget shell =SbeUWidget('copy_video" ,w,SW_beIow,NULL,destroy_call), 
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fonn=FonnatWidget("cpy_form",shell), widier5(C0PY_IC0NS]; 
Fonnltcm itemsQ = { 

{ •cpy_caiiccr , "cancel" .O.O.FW_icon,NULL} , 
{ •cpy_coiifinn" , "confinn" , 1 .0.FW^icon.NULL} , 
{"cpy_iiUe","Copy a video".2,0.FWJabel.NULL}, 
{"cpy_vidjab", "Video Naine:",0,3,FWJabel.NULL}, 
{ "cpyjext" .NULL,4,3 .FW_text, (String)msg} , 

{ "cpy.copy" , "copy " .O.S.FWjoggle.NULL} . 
{ "cpy_difr . "difr ,6,5 ,FWjogglc,(Strmg)6} , 
{"cpy_lpf_zero","lpf_2ero*.7,3,FW_toggIe,(Strmg)7}. 
{ "cpyJpf_onJy " . ••lpf_only " ,8.5 ,FW_toggle,(String)8} , 
{ "q>y_color" . "color_spacc " ,9,5.FW_toggIe , (String)9} , 

{ •cpy_ganuna' , "gamma " , 10,5,FW_ioggle,(String) 10} , 

{ "cpy_UVO_int" ,harii,0,6,FW_mieger,(String)&UVinputs[0]}, 

{"cpy_UV0_dowii",NULL,12,6,FW_down,(String)&UVinputs[0]}, 

{ "cpy_UVO^up " .NULL, 13,6,FW_up,(Strmg)&UVmputst01} , 

{ "cpy_UVl_im " .NUIi.0. 14.IW_inicgcr,(String)&UVmputs[l]}, 

{"cpy_UVl_down".hnJIi.l2.14,FW_down,(Strmg)&UVinputs(lJ}, 
{ •cpy_UVl_up • .NULL, 1 6, 14,FW_up,(String)&UVinputs( 1] } , 

}: 

XtCallbackRec cal]backsU»{ 
{Destroy , (caddr_t)shcll} , 
{NULL,NULL}, 
{Copy VideoCtrl,(caddr_t)ctrl} , 
{Destroy,(caddr_t)sheIl} , 
{NULL,NULL}. 

{NULL,NULL}. {NULL,NULL}, {NULL,NULL}. {NULL.NULL}, 
{NULL,NULL}, {NULL.NULL}. 

{NumIncDec.{caddr_0&UVinputs[OJ}. {NULL.NULL}. 



wo 94/233SS 



PCT/GB94/0W77 



- 115 - 

{NumIncDec.(caddrj)&UVmput5(0]}. {NULL.NULL}. 
{NumlDcDec,(caddrj)&UVinpms(l ] } , {NULL.NULL} , 
{NumIi]cDec,(caddr_t)&UVinpi]ts[l]}, {NULL,NULL}, 

}: 

Dprintf("CopyVideo\n"); 

nisg->rows=l; insg->cols=NAME_LEN; 
Ctrl- > video = video; 

UVinpuis[01.fonnat='UV sub-sample X: %d"; 

UVinpuis[01.niin=0: 

UVinpuis[0] .max =2; 

UVmputs[0].va]ue= &ctrl- > UVsample(0]; 
UViiq5uts(l].fonnat="UV sub-sample Y: %d"; 
UVinputsfl] .min =^0; 
UVinputs[l].max=2; 

UViiipuis[l].value= &ctrl->UVsamplell]; 

Ctrl- > UVsample[01 = video- > UVsamplc[0]; 
Ctrl- > UVsamplc[l] = video- > UVsan^lc[ 1]; 
FillForm(foim,COPY_IC0NS,itcms,widgcts,callbacks): 
Ctrl- > radioGroup = widgets[5] ; 
XtSctSensitive(widgetsl6], video- >si2e(2J > 1); 
XtSctSensitivc(widgctsI7],vidco-> trans.type! =TRANS_None); 
XtSetScnsitive(widgcts[8],video-> trans.type! =TRANS_None); 
XtSetSensitive(widgets(91 .video- > type! = MONO); 
XiSetSensiuvc(widgeisllO],vide(>- > type! = YUV && 
video- > trans.typc= =TRANS_None); 
XtPopup(shell,XtGrabExc]usive); 

}: 
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source/Franie.c 



/* 

Frame callback routines for Destroy 

♦/ 

^include "../includc/xwave.h" 

^include <Xll/Xmu)SysUtiI.h> 

^include <pwd.h> 

extern void CvtlndexQ; 

extern Palette FindPalettcQ; 

extern void SetSensitivcQ; 

typedcf struct { 
Frame frame; 

lot framc^numbcr, framc^zoom, framc_j}alcttc, frame^chamicl; 
} ExamCtrlRec. ♦ExamCtrl; 

void FramcDestn:)y(w,closurc,caU_data) 

Widget w; 

caddr t closure, call_data; 

{ 

Frame frame =(Frame)closurc; 

void CIcanUpPointsO, FramcDcletcO; 

DprintfCFrameDestroyVn"); 
frame- > point- > usage-; 
if (frame- > msg! = NULL) { 
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frame- > msg- > shell = NULL; 
Clos€Messagc(NlJLL.(caddrj)frame- > rasg.NULL); 

} 

if (frame- >poLni-> usage ==0) CleaDUpPoini5(&global-> points); 
XiPopdown(framc- > shell); 
XtDestroy Widget(frame- > shell); 
FraiiieDelete(&global- > frames, frame); 

} 

void CleanUpPoints(points) 

Point ^points; 

{ 

Point dummy — *points; 

if (dummy! = NULL) { 

if (dummy- > usage < 1) { 

*points = dimimy- > next; 

XtFrcc(dummy); 

ClcanUpPoints(points); 
} else CleanUpPoints(&((*po«i«s)->ncxt)); 

}; 

} 

void FramcDelete(framcs,framc) 
Frame ^frames, frame; 

{ 

if (*framcs!=NULL) { 

if (*frames= = frame) { 



wo 94/23385 



PCT/GB94/006T7 



- 118- 

int number- frame- > frame; 

frame-'> frame = -1; 
FreeFramc(frame- > video, number); 
*frames = frame- > next; 
XtFree(frame); 
} else FrameDelete(&(*frames)->nexi,framc); 



void ExamineCtrI(w,closurc,call_daia) 



Widget w; 

caddr^t closure. call_data; 



{ 

ExamCtrl ctii = (£xamCtrl)closu]ie; 
Arg args[l]; 

if (Ctrl- > frame- > frame! »ctrl- > frame^numbcr-ctrl- > frame- > video- > start) { 
int old^framc = ctrl- > frame- > frame ; 

Ctrl- > frame- > frame = Ctrl- > frame_number-ctrl- > frame- > video- > start; 
FreeFrame(ctrl- > frame- > vidco,old_framc); 
GctFramc(ctrl- > ftame- > video,ctrl- > frame- > frame); 

} 

cU"!- > frame- > zoom = Ctrl- > frame^zoora; 
Ctrl- > frame- > palette =ctr]- > frame j)alette; 
Ctrl- > frame- > channel =ctrl- > framc^chamjel; 
XtSctArg(args[0],XtNbitmap.UpdatcImage(ctrl- > frame)); 
XlSetValues(ctrl- > frame- > imagc_widget,args,ONE); 
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XiSetArg(args[0),XLNcolonnap,ChamielCmap(ctrl- > frame- > channel. Ctrl- > frame- > vide 
0- > type. Ctrl- > frame- > video- > gamma)); 

XtSctVaJucs(cttl- > frame- > shcU.args.ONE); 

if (Ctrl- > frame- > rasg! =NULL) UpdatcInfo(ctrl- > frame); 

} 

#defme EXAMJCONS 13 
void Exaroine(w,ciosure,call_data) 

Widget w; 

caddr_t closure, call^data; 

{ 

ExamCtrl ctrl=(ExamCtrl)MALLOC(si2eof(ExamCtrIRec)); 
Numliq)Ut num^ii^uis = (NumInput)MALLOC(2*sizeof(NumIiqjutRec)); 
XtCallbackRec destroy__caIlD-{ 

{Frec,(caddrj)ctrl), 

{FrBe,(caddr_t)num_ii^uts}, 

{NULL,NULL}, 
} . pal_call[2*global- > DO_pals]; 

Widget shell=SheUWidget("examinc",w,SW_below,NULL.destroy_call), 

form ° FormatWidget("exam_form" . shell), widgcts[EXAM JCONSJ , 
pal_widgets[global->no_pals]. pai_sheil; 
Frame frame s(Frame)closure; 
Foimltem iicmsQ={ 

{ "exam_cancel " , "cancel " ,0,0,FW_icon, NULL} , 
{ "exam^confiim" , "confirm" , 1 ,0,FWJcon,NULL} , 
{ "exam Jabel" , "Examine" ,2,0,FWJabel,NULL} , 
{ "exam_chjab" , "Channel : ",0,3,FWJabcl,NULL} , 



{ "exam_ch_bm".ChannelNarae[frame- > video- > typc][frame- > channcl],4,3,FW_button," 
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exam^cng^ch"}. 

{ "exam j3al^lab\ Talenc : " ,0,4,FW_Iabcl,NULL} , 

{ "exam j)al_btn\FmdPaleric(global- > palenes,frame- > paletie)- > name,4,4,FW_bunon, " 

exam_cngj)ar}, 

{"exam_2_mi\NUlJ-,0,6,FW_inieger,(String)&num_mp^^ 

{"exam_2_dowm^NUIJL,8,6,FW_down,(Sl^ing)&Dum_in^ 

{"exam_2_up^NUlX,9,6,FW_up,(St^ing)&Ilum_iI^^ 

{"exam_2Oom_ini\NUIi,0,8,FW_inieger,(String)&num_mp^^ 

{ " cxam_20om_dowm \ NUli, 8 , 8 .FW_down, (S tring)& 

{ "exam_2oom_up " ,NU1JL, 12, 8 ,PW_up, (SdriDg)&num_iDputs( 1]} , 

}; 

Mcnulicm pal_menu[global->no_palsl; 
XtCallbackRec caUbacksD = { 

{Destroy ,(caddr_t)sbell} , 

{NULL,NULL}, 

{ExamincCtrl, (caddr J)ctrl} , 

{Destroy ,(caddrj)shell} , 

{NULL.NULL}. 

{NumIncDec,(caddrj)&num_irq)uts(0]}, {NULL,NULL}, 
{NumIiu:Dec,(caddrj)&num_ii^uts{0]}, {NULL,NULL}, 
{NumIiicDec,(caddrj)&nuni_^inputstI]}, {NULL.NULL}, 
{NumIncDec,(caddrj)&nuin_inputs[l]}, {NULL,NULL}, 

}: 

int i, width =0; 

Palette pal = global- > palettes; 

XFontStnia ♦font; 

Arg args[l]; 

caddrj dummy [global- > no j)als] » dximmy 2 [global- > no j)alsl ; /* 

gcc-mc68O20 bug avoidance */ 

Dprintf ( " Examine\n" ) ; 
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Ctrl- > frame = frame; 

Ctrl- > frainc_Dumber= frame- > frame + frame- > video- > start; 
Ctrl- > framc_2oom = frame- -> zoom; 
Ctrl- > frame_j)alettc= frame- > palette; 
Ctrl- > frame_chamiel= frame- > chamie]; 
num_inputs[0]. formats "Frame: %03d"; 

num_mpuis[0] .max = frame- > video- > start + frame- > video- > si2e[2] - 1 ; 

num_inpuis[0] .min = fi^e- > video- > start; 

num_inpui5{0] . value =&ctrl- > frame_number; 

num_inputs[l].format=*Zoom: %d"; 

num^inpu ts ( 1 ] . max » 4 ; 

num_ii9Uts(l] . min =0; 

iMmi_ii5)uts[l]. valuc=&ctrl-> frame_zoom; 

FillForm(form,EXAMJCONS,itcms,widgets.callbacks); 

font = FindFont(widgetsI6]); 
for(i==0;pal!=NULL;pal=pal->next,i++) { 

paJ_menu[i] .name -pal- > name; 

pal^menu [i] . widgetClass — smeBSBObjectClass; 

pal_meiEi[i],label=pal-> name; 

pal_menu[i] .hook - NULL; 

pal_callIi*2],calJback= SimplcMenu; 

pal_call[i*2).cIosurc=(caddr_t)&ctrl-> framcj)a]ettc; 

pal_caIl[i*2+l].callback=NULL; 

pal_,callli*2 + 1] .closure = NULL; 

width- TextWidth(width,pal- > namejont); 

} 

pal^shell = ShelIWidgct("exam_cng j)al" ,shclUSW_menu,NULL,NULL); 
FillMenu(pal_shell,global- > noj)als,pal_mcnu,paI_widgets,pal_caU); 
XtSetArg(args[0] .XtNwidth,2 -f width); 
XtSeiValues(widgets[6] ,args,ONE); 
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if (frame- > video- > type = = MONO) XtSetSensitive(widgeis(4], False); 
else { 

Mcnulicm ch_inenu[4]; 
Widget 

ch_shell = ShellWidget("exam_cng_ch",shell,SW_memj,NULL,NULL). ch_widgcts(4]; 
XtCallbackRec ch_call(8]; 

font= FindFont(widgets[4]); 
width =0; 

for(i=0;i<4;i++) { 

ch_menu[i] .name = ChaimciNaine[fraine- > video- > type][i] ; 
ch_mcnu[i] . widgetClass - smefiSBObjectClass; 
ch_mcnu[i] .label =CIiaimelNamc [frame- > video- > type][i]; 
ch_menu[i] .book = (caddr_t)&ctrl- > framechannel; 
cb_call[i*2] .callback = SimpleMenu; 
ch_caJl[i*2]. closure " (caddr_t)&ctrl- > fTame_chaiu)el: 
ch_call[i*2+l].callback«=NULL; 
ch_caU[i*2 + 1 ] .closure = NULL; 

width=TextWidth(widih,ChaiinelName(frame- > video- > type][i],font); 
} 

FillMcnu(ch_shell,4.ch_mcnu,ch_widgets,ch_call); 
XtSciArg(args[01 ^XtNwidth.2 + width); 
XtSetVaiues(widgets[4],args,0NE); 

} 

XtPopup(sbell,XtGrabExclusivc); 

} 

void FramePointyN(w,closure,call_daia) 



Widget 
caddr t 



w: 

closure, call_data; 
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{ 

Frame frame - (Framc)closure ; 
Arg args[l]; 
Pixmap pixmap; 

Display *dpy - XtDisplay(global- > toplevel); 
Icon poini^y = FindlconCpoint^"), 

pomi_n=FmdIcon(''poim_n"); 

Dprmrf(TramcPoiiilYN\n"); 

frame- > poiiit_swnch= ! frame- > point^s witch; 

XlSctScnsiiivc(framc- > iraagc^widget, frame- > poini^swiich); 

XtSeiArg(args[0] ,XtNbimMp,(frame- > pomt_switch?pomt_y :point_n)- > pixmap); 

XtSctVahies(w,args,ONE); 

XiSctArg(args[0],XtNbimiap,itpixmap); 

XtGctVaIucs(framc- > imagc_wklget,args,ONE); 

UpdatcPoint(dpy,frame,pixmap); 

XtSetArg(args[0] ,XtNbitmap,pixmap); 

XtSctVahics(framc- > imagc_widgct.args,ONE); 

if (frame- > msg ! = NULL) Updatelnfo(framc); 

} 

void NewPoint(w,closurc,call_data) 

Widget w; 

caddrj closure, call^data; 

{ 

Frame frame =(Framc)cIosurc; 
Video vid= frame- > video; 
void UpdateFramesO; 
int *posn=(int ♦)call_data, 

channel = frame- > channel = = 3?0: frame- > channel; 
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posn(0]=posD[0]> > frame- > zoom; posn[l] =posn(l] > > frame- > zoom; 
if (vid-> trans. type ==TRANS_ Wave) { 

int ocis=vid->trans. wavelet. space(vid->type= = YUV &&. 
channel! = 0? 1:0], oct; 

Cvdndex(posn[0].posn[l],Si2e(vid,channel,0),Size(vid,chanDelJ),ocis,& 
,&oct); 

} 

if (vid-> type ==YUV&4t channel! =0) { 

posn{0] =posn[0] < < vid- > UVsample[0]; 
posn(l] -posn(l] < < vid- > UVsamplc[l]; 



Dprintf("NcwPoint %d %d previous %d 
%d\n",posn[0],posnll], frame- > point- > location[0], frame- > point- > Iocation[l]); 

if (posn(0] ! = firamc- > point- > location[0] 1 1 
posn[ 1 1 ! = frame- > point- > locationf 1 ]) { 

UpdateFrames(global- > frames,framc- > point,Falsc); 
frame- > point- > location[0] = posn[0] ; 
frame- > point- > locationf 1] =posnIl]; 
UpdateFramc3(global. > frames,frame- > point,Tnie); 
} else Dprintf("No movementXn"); 



void 



UpdateFramcs(frame,point,updatc) 



Frame frame; 



Point point; 



Boolean 



update; 



{ 

Arg args(l]; 
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if (frame! = NULL) { 

if (point == frame- >poiiii && frame- > poiiit_swiu:b= = True) { 



XtSeiArg(args[0],XtNbimiap,&pixm2p); 
XtGetValues(frame- > image_widgei,args.ONE); 
UpdaiePoint(dpy , frame ,pixraap) ; 
if (update = = True) { 

XtSetArg(args[0] .XtNbitmap,pixmap); 

XtSetValucs(framc- > iraage_widgct,args,ONE); 

if (frame- > msg! =NULL) Updatelnfo(frame); 



Pixmap 
Display 



pixmap; 

*dpy =XtDisplay(global- > toplevel); 



> 

UpdaieFrames(frame- > next,point«update); 



} 



} 



void Closclnfo(w,closure,call_data) 



Widget 



caddr t 



closure, call data; 



Frame frame =(Frame)closuie; 



frame- > msg = NULL; 



#derme 



INFO ICONS 



2 



void FrameInfo(w,closure,call_dau) 



SUBSTITUTE SHEET (RULE 26) 
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Widget w; 

caddr t closure, caIJ_daia; 



Frame frame = (Franic)closurc; 

Message msg = NewMessagc(NULL,1000); 

XiCallbackRec callbacksO = { 

{SetSensitive,(caddr_i)w} , 

{CloscInfo.(caddr_t)frame} , 

{CloseMcssage, (caddr_t)msg} , 

{NULL.NULL}. 

}; 

Dprintf("FramcInfo\n"); 
frame- >msg=msg; 
UpdatcInfo(frame); 
TextSize<insg); 

MessageWindow(w,msg,frame- > video- > name .True, callbacks); 
XtSetSensirive(w .False); 



void FrameMerge(w,closure,call_data) 

Widget w; 

caddrj closure, call_data; 

{ 

Frame frame =(Frame)closurc; 
void MergcPointsO; 
Arg args[l]; 

Dprintf ( TrameMergeVn") : 
MergcPoints(global- > frames,frame); 
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void MergcPoim5(framc_search,frame_found) 

Frame frBine^search, frainc_found; 

{ 

Arg argsll]; 

if (frame^search! =NULL) { 

if (NIJLL= =XawTogglcGetQin^m(fnmie_search->point_mergc_widget) 
1 1 framc_search= = firanK_found) 

McrgcPoints(framc_scaich- > Dcxt,framc_foiind); 

else { 



Pixmap 
Display 



pixmap; 

*dpy=XtDisplay (global- > loplevcl); 



XtSctArg(args[0] ,XtNbitmap,&pixmap); 
XtGetValues(fraine_found- > iniagc^widget,args,ONE); 
if (framc^found- > point^s witch = =Truc) 



Updai£Poini(dpy , framc^found , pixmap) ; 



framc^search- > point- > usage + + ; 

framc^found- > point- > usage—; 

if (ftame^found- > point- > usage =0) 



CleanUpPoints(&global- > points); 



frame found- > point = frame^search- > point; 
if (frame^found- > point_switch= =Truc) { 



UpdaiePoint(dpy,framc_found,pixmap); 
XtSctArg(args[01,XtNbitmap,pixmap); 
XtSetValues(franie_found- > image_widgct,args,ONE); 



if (framejound- > msg! =NULL) UpdateInfo(frame_found); 
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XawToggJeUnsetCurrcnUfranie^search- > poini_mergc_ widget); 
XawToggJeUnsetCuiTent(franie_found- > pomi_merge_ widget); 



^define POST_DIR "postscript" 
void PostScript( w , c losurc ,call_data) 



Widget w; 

caddrj closure, call_dau; 

{ 

Frame frame =(Framc)ciosurc; 
Video vidco=framc-> video; 
FILE *fp. *fopenO; 

char filc_name[STRLEN], hosmamc(STRLEN]; 
int X, y, width =Si2c(video,frame-> channel,©), 
height = Sizc(vidco,frame- > chaimeM); 
struct passwd *pswd; 
long clock; 



Dprintf('PostScript\n"); 

sprintf(file_namc, " %s%s/%s.ps\0" .global- > horae,POST_DIR, video- > name); 
fp « fopcn(file_namc, " w"); 
fprintf(fp/ % % !PS-Adobc-l .0\n"); 
pswd = gctpwuid (gctuid 0); 

(void) XmuGetHostname (hostname, sizeof hostname); 
fprintf(fip/%%%%Crcator: %s:%s (%s)\n", hostname,pswd->pw_name, 
pswd->pw_gecos); 

fprintftfjp, " % % % %Title: %s\n", video-> name); 
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fpriDtf(fp."%7e%%BoundingBox: 0 0 %d %d\D",wi(jth,heighi); 

fpriiiif(fip,"%%%%CrearioiiDaie: %s",(time (&clock), ctime (&clock))); 

fprmtf(fip," % % % %EDdCoininents\n"); 

fpriDtf(^,"%d %d scale\n".width.height): 

fprintf(fip,''%d %d 8 imagc_print\n".width.height); 

GeiFramc(video, frame- > fraine); 

for(y=0;y<heighi;y + +) { 

for(x=0;x < width;x + +) { 

int X, Y, oct, data; 

if (video- > trans. type = =TRANS_Wave) { 

Cvtlndex(x,y,width,height. video- > trans. wavelet.space[0],&X,«S:Y,&oct); 

data = 128 + Round(video- > datalframe- > channel % 3] (frame- > framcJ[Y*vjdco- > sizcIO] + 
X] *(oct == video- > trans, wavelet. space(OJ?l :4), video- > precision); 
) else 

data = 128 + Round( video- > data[frame- > channel % 3][fr^e- > frame] [y ♦video- > sizelO] + 
x],video- > precision); 

lprintf(fp, " %02x" .data <0?0:data > 255?255:data): 

} 

fprintf(fip,"\n"); 

} 

FrccFramc(vidco, frame- > frame); 
fclose(fp); 

} 

void Spectrum(w.closurc,can_data) 



Widget w; 

caddrj closure, cail^data; 
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Frame frame = (FrarDe)closure; 



XColor 



Display 



*dpy = XtDisplay(global- > loplevel); 
xcolor(2], falsccolor; 



int 



Colormap 

cmap = ChanDelCmap(frame- > channel, frame- > video- > type , frame- > video- > gamma); 

Dprintf( "Spectrum\n"); 
falsecolor.flags= DoRed | DoGrecn| DoBluc; 
XSynchrom2c(dpy,Tnic); 
for(i=0;i<2+global->levcls;i++) { 



if (i> 1) XStoreColor(dpy,cmap,&xcolor[i&l]); /♦ Restore old color ♦/ 
if (i< global- > levels) { 

xcolor[i&l].pixel=i; 

XQueryColor(dpy,cmap,&xcolor[i&ll); 

falsecolor.pixel=i; 

falsccolor . red = xcolorfiA 1 ] . red + 325 1 2 ; 
falsccolor . green = xcolor[i& 1 1 .green -h 325 12; 
fa]secolor.blue=xcolor(i&l].blue+32512; 
XStoreColor(dpy,cmap,&faIsecolor); 



XSyix:hroni2e(dpy.Falsc); 



wo 94/23385 PCT/GB94AMWT7 

• 131 - 

source/icon3,c 



/* 

Create Icons/Menus and set Callbacks 

♦/ 

^include " . ./include/xwavc.h" 
/* Function Name: Findlcon 

* Description: Finds IconRec entry from name in global icon array 

* Arguments: icon_name - name of icon bitmap 

* Returns: pointer to IconRec with the same name as icon_naine 
•/ 

Icon Findlcon(icon_naine) 
String icon_namc; 

{ 

int i; 

Icon icon = NULL; 

for (i =0;i< global- > no Jcons;i+ +) 

if (!strcmp(global-> icons[i].namc,icon_name)) icon=&global-> iconsfij; 

rctum(icon); 

} 

void FillFonn(pareni,numberJtems,widgets,callbacks) 



im 



number; 
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Fonnliem iicmsl]; 

Widget parent, widgetsi]; 

XiCallbackKec callbacksn; 

{ 

Arg args[10]; 
int i. call J =0; 

for(i=0;i<numbcr;i++) { 

int aigc=0, *vicw=(int ♦)items[i].hool:; 
char text[STRLEN]; 
float top; 

Numlnput Dum==(NumInput)items[i].book: 
Floatlnput fll » (FloatIiiput)itcms[i],book; 
Message msg »(Mcssage)itcxns[i].hook; 
WidgetClass 

class[15] = {labclWkigeiClass,conmajKlWidgctClass,commaiKjWidgetCl^^ 
tClass, 

menuBunonWidgetClass,meniiButionWWgeiClass,viewponWidgetClass,ioggleWidgetC^^ 
« 

commandWidgetClass,comjnaiuJWidgetCla5s,commaiMlWW^ 

scrcUbarWidgeiClass,labelWidgetClass,fonnWidgctClass}; 
Boolean 

call[15]- {False Jrue,Truc,False,Falsc,Falsc,False,Tn)eJme,Tme,Tmc,Falsc,False,Fak 
c, False}; 

if (iiems[i].fromHori2! =0) { 

XtSctArg(args [argcj ^XtNfromHoriz, widgets[iiemsn] . fromHork- 1 ]); 

argc + + ; 

} 
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if (itcmsfi]. from Vert! =0) { 

XtS€iArg(args(aigcj,XtNfrDmVen,widgetsfitcmsfi].froraVcn-l]); 

argc + + ; 

} 

swiich(iicms[i]. 1)^)6) { /* Initialise contents ♦/ 
case FW_yn: 

item5[i],contents=*(Boolean *)iieins(i].hook?-confinn":"canccr; 
break; 
case FW_up: 

itcmsfi] .contents = "up" ; 

break; 
case FW^down: 

itemsfi] .contents = "down"; 

break; 
case FW^intcgcr: 

sprintf (text, num- > format, *num- > value); 

items[i] .contents = text; 

break; 
case FW^float: 

sprintf(tcxt,flt- > format, ♦fit- > value); 

itemsfi] . contents = text; 

break; 

} 

5witch(itcms[iJ.typc) { /♦ Set contents */ 

case FWJabcl: case FW_command: case FW_button: case FW_^intcger: 
case FW^float: 

XiSetArg(args[argc],XtNlabeljiems[i].conienis); argc+ + ; 
break; 

case FW^down: case FW_up: case FWj^n: case FW^togglc: case 
FW^icon: case FW_icon_button: { 

Icon icon = FindIcon(iteras[i] .contents); 
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if (icon == NULL) { 

XtSctAig(ajgs(argcj,XtNl2bcl.items[i].coments); argc + + ; 

} else { 

XtSetArg(args[argc],XtNbitinap,icon->pixinap); argc + + ; 
XtSetArg(args[argc],XtNheighi,icon->heigiit+2); argc + + 
XtSetArg(args(argc],XtNwidth,icon->width+2); argc + + ; 

} 

} break; 

} 

swiich(iiciiis[i].typc) { /♦ Individual set-ups */ 
case FW_text: 

XtSeiArg(args[aTgc],XtNstring,msg-> info.ptr); argc + 4-; 
XtSetArg(args[argc],XlNcdiiTypc,insg- > cdii); argc+ +; 
XtSetArg(args[argc],XtNuseStringInPlace,True); argc + + ; 
XtSeiArg(args[argc],XtNlength,msg- > size); argc + + ; 
break; 

casc FW_button: case FW_icon_bution: 

XtSeiArg(aigs[argc],XlNmcnuName,(String)items[i].book) 

argc-H + ; 

break; 
case FW_ioggIe: 

if ((im)itcms[i].hook» =^0) { 

XtSctArg(argsIargc],XtNradioDataJ); argc + + ; 
} else { 

caddr_t radioData; 

Arg radioargs[l]; 

Widget radioGroup = widgets((ini)iicms[ij . hook- 1 ] ; 

XtSetArg(radioargs[0],XiNradioData,&radioData); 
XtGet Values(radioGroup , radioargs , ONE) ; 

XiSetArg(args[argc] ,XLNradioData,(caddrj)((int)radioDaia + 1 )); argc + + ; 
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XtSetArg(args[argc],XiNradioGroup,radioGroup); argc+ + ; 

} 

break; 
case FW scroll: 

top=(f]oat)(*nt-> value-fli- > nim)/(nt- > max-flt- > min); 
XtSetArg(args[argc] .XtNiopOfThumb.&top); argc + + ; 
XtSeiArg(args[argcl ,XtNjumpProc,4S:caJlbacks[call_i]); argc + + ; 
whi]e(caUbacks[caU_i] . callback! = NULL) call_i + + ; 
callj + + ; 

break; 
case FW_view: 

if (view! = NULL) { 

XtSctArg(args[argc],XtNwidth,view[OJ); argc+ +; 
XtSetArg(args[argc],XtNhcight,vicwIl]); argc+ + ; 

} 

break; 

> 

widgcts[i] = XtCreateManagedWidgei(items[i] .naine,class((iDt)items(fI .type] ,pareni,args,ar 
gc); 

switch(iteins[il.type) { /• Post processing •/ 
case FW_togglc: 

if (itcms(i].hook= =NULL) { /* Avoids Xaw bug */ 

XtSetArg(args(0],XtNradioGroup,widgetsIi]); 

XtSetValues(widgets[i] ,args,ONE); 

} 

break; 
case FW^tcxt: { 

XFontStruct *font; 
Arg iext_args[l]; 



msg- > widget = widgets[i] ; 
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XawTexiDisplayCaret(msg-> widget, msg-> edit! = XawtextRead); 

XtSetArg(text_args[0],XiNfom,&foni); 

XiGetValues(widgets[i],texi_args,ONE); 

argc=0; 

if (msg->edit==XawiexiRead && msg-> info.ptr[0]! = '\0') 
XtSetAjg(args[argc],XtNwidih,4+TcxiWidih(0,msg-> info.ptrjont)); 
else 

XiSetArg(args[argc],XlNwidth.4 -Krasg- > cols*(foni- > max_bounds.width + font- > min^bo 
unds.widtb)/2); 

argc + + ; 

XtSctArg(args(argc] ,XtNhcight, 1 + msg- > rows*(font- > max^boimds.asccnt + font- > max_ 
bounds.dcsccni)); argc + + ; 

XtSctValues(widgets[i],args,argc); 

} break; 
case FW^button: 

XtOvcrridcTranslatioiis(widgets[i],XtParscTranslationTable(" <BtnDown> : resctO 

NameButionO PopupMcnuQ")); 

break; 
case FW^down: 

if (*num- > value = =num- > min) XtSetSensiiive(widgets[i], False); 
num- > widgcts[0] = widgctsfi] ; 
break; 
case FW_iq): 

if (♦num- > value= =nuni- > max) XtSetSensidve(widgets[i], False); 

nuni- > widgets(l] = widgets[i]; 

break; 
case FW^intcgcr: 

num- > widgets[2] =widgetslil; 

break; 
case FW scroll: 



SUBSTITUTE SHEET (RULE 26) 
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fll- > widgeis[l] = widget5[i]; 

XawScrol]barSetThumb(widgcts[i],top,0.05); 
break; 
case FW^float: 

fit- > widget5[0] = widgets[i]; 
break; 

} 

if (caJl((mi)items[i].type]) { /• Add Callbacks */ 
if (ca]Ibacks(caU_i]. callback! = NULL) 

XtAddCallbacks(widgets[i],XiNcallback,&callbacks[call_i]); 
whilc(calIbacks[caUJ] .callback! = NULL) call_i + + ; 
call_i++; 

) 

} 

} 

Widget ShcllWidget(naroe,parent,type,cmap,callbacks) 

String name; 
Widget parent; 
ShellWidgetTypc type; 
Colormap cmap; 
XtCallbackRec callbacksQ; 

{ 

Widget sheU; 
Arg args[3]; 
Position X, y; 
Dimension height =-2; 
int argc=0; 
WidgetClass 

c lass[) = { iransicntShcU WidgetClass , iransientShellWidgeiClass, topLe velShell WidgetClass.p 
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ullRighiMcnuWidgciClass} ; 

if (type ==SW_be low | j iype= =SW_over) { 
XtTraiislateCoorcls(pareDt,0,0,&x,&y); 
if (typ€= = SW_below) { 

XtSetArg(args [0] ,XtNheight,&height) ; 

XtGeiVa]ues(parent,args,ONE); 

} 

XtSctATg(args[argc],XtNx,x); argc+ + ; 
XtSetAig(args[argcl,XtNy,y+height+2); argc++; 

} 

if (cmapl-NULL) { 

XtS€tArg(argsIargc],XtNcolonnap,cinap); argc++; 

} 

shell = XtCrcaicPopupShell(namc,class[typc] ,parcm,args,argc); 

if (callbacks! = hrULL) XiAddCaUbacks(sheU,XtNdcstroyCallback,calIbacks); 

retum(shcll); 

} 

Widgcc Format Widgct(najnc , parent) 

String name; 
Widget parent; 

{ 

retuin(XtCreaicManagedWidgct(nanie,fonnWidgetClass,parcnt,NUIi,Z^ 

} 

void FiIlMcnu(parcm,number,items,widgets,calIbacks) 

int number; 
MenuJiem itemsn; 
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Widgei parent, widgetsQ; 
XtCallbackRec caJlbacksQ ; 

{ 

Arg args[4]; 

int i, callj=0; 

Icon icon= FindJconCright"); 

for(i=0;i<number;i + +) { 
int argc=0; 

XtSctArg(args(argc],XtNlabcl,itcms[i] .label); argc-f + ; 
if (itcms[i].widgctClass==smcBSBpiObjectClass) { 

XtSetArg(args[argc],XtNmenuNainc,items[i].hook); argc+ +; 

XtSetArg(args[argc],XtNrightMargin,4 + icon- > width); argc+ +; 

XtSctArg(args[argc],XtNrightBitmap,icon- > pixmap); argc+ +; 

} 

widgcts[i]=XtCrcatcMamgcdWidgct(iicins[i].namc,itcnis[i].widgctClass»^ 

if (items{i].widgetCIass==smcBSBObjectClass) { /* Add Callbacks ♦/ 
XtAddCaIlbacks(widgets[i].XtNcaUback,&caUbacks[call_i]); 
whilc(calIbacks[call_i].caUback! = NULL) call_i+ +; 
callj++; 

} 

) 

} 

void SinipleMemi(w.closurc,caIl_daia) 

Widget w; 

caddrj closure, call^daia; 
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{ 

inr *book = (int *)closure, no_chi]d, child, aigc = 0; 
Widget menu = XiParent(w), bunon; 
WidgeiLisi children; 
char *labcl; 
Arg aigs[31; 

XiSetArg(args[argc].XtNlabel,&label); argc-f + ; 
XtGetVaIucs(w,args,argc); argc=0; 
XtSetArg(args[argc].XlNchildren,&childrcn); argcH- + ; 
XtSetArg(args[argc],XtNDumChildren,&no_chi]d); argc + + ; 
XtSctArg(args[argc],XtNbutton,&bution); argc + + ; 
XtGctValues(mcnu,args,argc); argc=0; 

for(chi]d=0;childrcn[child]!==w && child <no_child;) child+ + ; 
if (w!=chDdrcii[child]) Eprintf("SimplcMciiu: menu crrorVn"); 
♦hook = child; 

XtSetArg(args[argc],XtNlabeMabel); argcH- + ; 
XtSctValues(buttcn,args,argc); 

} 

void NumIncDcc(w,closurc,call_data) 

Widget w; 

caddrj closure, call^data; 

{ 

Numlnput data = (NumInput)closure; 

Arg args[lj; 

char iext[STRLEN]; 

♦data- > value += (w = = data- > widgets(0])?- 1:1; 
sprinif(iexi,daia- > formal, *dau- > value); 
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if (data- > niiii= = -daia- > value) XtSetSensiiive(data- > widgetsfO], False); 
else XiSetSensirive(daia-> widgeis(0],Truc); 

if (daia- > max» = *data- > value) XtSetScnsiiivc(data- > widgets(l], False); 
else XiSetScnsitive(data-> widgets[l],Tnic); 
XiSetArg(args[0].XtN]abcl.text); 
XtSetValues(data- > widgets[2],args.0NE); 

} 

void FloailDcDec(w,closure,call_data) 

Widget w; 

caddr_t closure, cal]_data; 

{ 

Floatlnput data=(FloatInput)closure; 

Arg args[lj; 

char texUSTRLEN]; 

float percent" *(float •)call_data; 

*data- > value =data- > mln+ (double)perceni*(data- > max-data- > min); 
sprinrf(text,data- > format, •data- > value); 
XtSetArg(args[0],XlNlabel,iext); 
XtSetValues(data- > widgctsI0],args,ONE); 

} 

/* Function Name: Change YN 

* Description: Toggle YN widget state 

* Arguments: w - toggling widget 

* closure - pointer to boolean state 

* call_data - not used 

* Returns: none. 
*/ 
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void Change YN(w,closure,call_data) 

Widgci w; 

caddr_t closure, call^data; 

{ 

Boolean *bool= (Boolean *)closure; 

Icon icoD=FindIcon((*booI != True)?"confinn": "cancel"); 

Arg args[4]; 

int argc=0; 

*bool == ! *bool; 

XtSetArg(args[argc],XtNbitmap,icon- > pixmap); argc + + ; 
XlSctArg(args[aTgc],XtNhcigh!,icon-> hcight+2); argc+ +; 
XtSctArg(args[argc],XtNwidth,icon- > width +2); argc + + ; 
XlSctVaJucs(w,args,argc); 

} 

int TexiWidih(max,tcxt,font) 

int max; 
String text; 
XFontStnict *font; 

{ 

int i=OJ; 

while(text[ij! = '\0*){ 
int width; 

for(j=0;tcxt[i+j]! = '\0* && tcxtn+j3! = '\n';) j + + ; 
width = XTexiWidih(fom,&iexi[i] j); 
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max = nm > widih?nm: width; 

Copyright 1987, 1988 by Digital Equipment Corporation, Maynard, Massachusetts, 
and the Massachusetts Institute of Technology, Cambridge, Massachusetts. 

All Rights Reserved 

Permission to use, copy, modify, and distribute this software and its 
documentation for any purpose and without fee is hereby granted, 
provided that the above copyright notice appear in all copies and that 
both that copyright notice and this permission notice appear in 
supporting documentation, and that the names of Digital or MIT not be 
used in advertising or publicity pertaining to distribution of the 
software without specific, written prior permission. 

DIGITAL DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE, 
INCLUDING 

ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS. IN NO 
EVENT SHALL 

DIGITAL BE LL^LE FOR ANY SPECL\L, INDIRECT OR CONSEQUENITAL 
DAMAGES OR 

ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR 
PROHTS. 

WHETHER IN AN ACTION OF CONTRACT, NEGUGENCE OR OTHER 
TORTIOUS ACTION, 

ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF 
THIS 

SOFTWARE. 



cuocTtTirrc cuccr /pifi c on 
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/• 

" Image. c - Image widget 
•/ 

ii'defme XtSD-len(s) ((s) ? strlen(s) : 0) 

^include <stdio.h> 
^include <ctypc.h> 
^include <Xll/lmrinsicP.h> 
#mclude <Xll/SmngDefs.h> 
^include <X11/Xaw/Xawliiit.h> 
#iDchide "../incIude/ImageP.h" 

^define sireq(a,b) (smanp( (a), (b) ) = = 0) 

* Full class record constant 
/* Private Data */ 

static char defaultTraoslationsQ = 
" <BtnlDown> : notifyO\n\ 
<BtnlMotion>: noiifyO\n\ 
<BtnIUp>: notiiyO"; 
^define cffsct(ficld) XtOffsctdinageWidgct, field) 
static XtResource resourcesQ = { 

{XtNbitmap, XtCPixmap. XtRBiiraap, sizeofCPixmap), 
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offsctCimage.pixmap), XtRImmediate. (caddr_t)None}. 
(XtNcallback, XtCCallback, XtRCallback. sizeof(XiPomicr). 
offset(Linage.caUbacks), XtRCallback, (XiPoiDier)NULL}, 

}; 

Static void InitializcO; 
static void ResizcQ; 
static void RedisplayO; 
static Boolean SctValuesQ; 
static void ClassInitializeO; 
static void DestroyO; 

static XtGeomctryRcsult Query Geometry 0; 
sutic void NotiiyO, GctBitmapInfoO; 

sutic XtActionsRcc actionsListQ = { 

{"notify", Notify}. 

}; 

ImageClassRcc imageClassRec = { 
{ 

/* core^class fields ♦/ 

#define superclass (AsimplcClassRec) 



/* superclass 


♦/ 


(WidgetClass) superclass. 


/* class_namc 


♦/ 


"Image", 


/* widgct^sizc 


♦/ 


sizeofdmagcRec), 


/♦ classjnitializc 


♦/ 


Classlnitialize, 


/♦ class_partjnitiali2c 


♦/ 


NULL, 


/* class^iniicd 


*/ 


FALSE, 


/♦ initialize 


♦/ 


Initialize, 


/♦ initialize^hook 


♦/ 


NULL, 


/* realize 


♦/ 


XtlnheritRealize, 
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/* actions 

/* num^aciions 

/* resources 

/• num^resourccs 

/* xrm^class 

/• compress_raouon 

/* compress_exposurc 

/* corapress^entcrleavc 

/* visiblc^intcrcst 

/* destroy 

/* resize 

/» expose 

/* set^valucs 

/* set_valucs_hook 

/♦ sct_values_almost 

/♦ gct_valucs_hook 

/♦ accept^focus 

/• version 

/• callback j)rivatc 

/* tm^ublc 

/* query^gcometry 

/♦ display^acccleraior 

/♦ exiension 



♦/ 
•/ 
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aciionsList, 

XtNumber(actionsUst), 
resources, 

XtNunibcr(rcsources). 

NULLQUARK, 

•/ TRUE, 

TRUE, 

TRUE, 

*/ FALSE. 

Destroy, 

Resize, 

Redisplay. 

SetValues, 

*/ NULL. 

XtlnheritSctValuesAlmost, 

♦/ NULL. 

NULL. 

XtVcrsion, 

NULL. 

*/ defaultTrajisladons. 
•/ QucryGcomctiy. 
XtlnheritDispiay Accelerator, 
NULL 



h 

/♦ Simple class fields initialization ♦/ 
{ 

/♦ change^sensitivc */ XtlnhcritChaJigcScnsiiive 

} 

}; 

WidgeiClass imageWidgctClass = (WidgetCIass)&iniagcClassRec; 
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^ Private Procedures 
Static void ClassLnitiaJizeO 

{ 

extern void XmuCvtStringToBitmapO; 
static XiConvcitArgRcc scrccnConvcnArgQ = { 

{XtWidgetBaseOffset, (caddrj) XtOffsct(Widget, core. screen), 
si2eof(Screcn *)} 

}; 

XawInitializeWidgctSetO; 

XtAddConvcncr("String\ "Bitmap", XmuCvtStringToBitmap, 
scrccnCcnvcrtArg, XtNumbcr(screcnConvertArg)); 
} /* Classlnitialize */ 

/* ARGSUSED ♦/ 

static void lnitia]i2e(request,ncw) 

Widget request, new; 

{ 

ImageWidget iw = (ImageWidget) new; 

Dprintf("linagcliiitiali2c\n"); 

if (iw->imagc.pixinap==NULL) 

XiErrorMsgCNoBitmap" , '•asciiSourceCreatc\ "XawError" , 
"Image widget has no bitniq).",NULL,0); 
J- GetBitmapInfo(new); 

if (iw->iniage,map_width< =0 1 1 iw-> image. map_height< =0) 

XiErrorMsgC "NoDimension" , "asciiSourceCreaie " , "XawError " , 
"Image widget illegal map dimension. ",NULL»0); 



crTDcnnrn: cucct rpfrr r ofn 



wo 94/23385 



PCT/GB94/00677 



- 148 - 

if (iw- > core. width == 0) iw->core.width = iw-> imagemap width; 
if (iw-> core. height ==0) iw- > core. height = iw-> image. map_height; 

(*XtCIa5s(new)->core_class. resize) (CWidget)iw); 

} /* Initialize */ 

/♦ 

* Repaint the widget window 
♦/ 

/♦ ARGSUSED */ 

sutic void Redisplay(w, event, region) 
Widget w; 
XEvent •event; 
Region region; 

{ 

Image Widget iw = (Image Widget) w; 

E>printf("ImageRedisplay\n"); 
if (region != NULL 8l& 
XRcctInRegion(region, 0, 0, 

iw-> image.map_width, iw-> image. map_height) 
= s RectangleOut) 
return; 

XCopyArea( 

XtDisplay(w), iw-> imagc.pixmap, XtWindow(w), 
DefauliGC(XtDispiay(w),XDefaultScreen(XtDisplay(w))), 

0, 0, iw->image.map_width, iw->image.map_height, 0, 0); 

) 



wo 94/23385 



PCr/GB94/00<77 



- 149 - 

Static void Resi2e(w) 
Widget w; 

{ 

IraageWidgci iw = CImageWidgei)w; 
DprinrfC'ImageResi2e\n''); 

} 

/♦ 

* Set specified arguments into widget 
♦/ 

static Boolean SetVaJues(curTent, request, new, args. num args) 
Widget current, request, new; 
ArgList args; 
Cardinal *nuni_args; 

{ 

Image Widget curiw = (ImageWidget) current; 
Image Widget reqiw = (ImageWidget) request; 
ImageWidget newiw « (ImageWidget) new; 
Boolean redisplay ^ False; 

/♦ recalculate the window size if something has changed. ♦/ 

if (curiw- > image. pixmap != newiw- > image. pixmap) 
XFrecPixmap(XtDisplay(curiw), curiw- > image, pixmap); 
GetBitmapInfo(newiw); 

newiw- > core .width = newiw- > image. map_width; 
newiw- > core.height= newiw- > image, map^height; 
redisplays True; 



return redisplay 1 1 XtJsScnsitive(curTent) ! = XtlsSensitive(new); 

} 



wo 94/23385 



PCT/GB94/00677 



- 150 - 

sutic void Descroy(w) 
Widget w; 

{ 

ImageWidgct Iw = (IniageWidgei)w; 
DprmtfCImageDesiroyXn"); 

} 

static XtGeomctryResult QueryGcomctiy(w, intended, preferred) 
Widget w; 

XtWidgetGcometiy ♦intended, ♦preferred; 

{ 

register ImageWidgct iw = (Image Widget)w; 

preferred- >requcst_raode - CWWidth | CWHeight; 
preferred- > width iw-> image. map^width; 
preferred- > height = iw-> image, map^height; 
if ( ((intended- > rcquest^modc & (CWWidth | CWHeight)) 
= = (CWWidth I CWHeight)) && 
intended- > width = = preferred- > width 8lSl 
intended- > height == preferred- > height) 
return XtGcomctry Yes; 
else if (preferred- > width == w-> core. width && 
preferred- > height = = w-> core •height) 
renim XtGcometryNo; 

else 

return XtGeoractryAhnost; 



static void GctBitmapInfo(w) 
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Widgci w; 
{ 

Image Widgci iw = (IiMgeWidgei)w; 
unsigned ini depth, bw; 
Window root; 
int X, y; 

un5igncd int width, height; 
char buf[BUFSIZ]; 

if (iw-> image. pixmap != None) { 
if 

(!XGetGeomctiy(XtDisplayOfObject{w),iw- > imagc.pixinap,&rooi,&x,&y,^ 
ht,&bw,&dcpth)) { 

sprinif(buf, "ImagcWidgct: %s %s \"%s\\", "Could not", 
"get Bitmap geometry information for Image 
XtNamc(w)); 

XtAppError(XlWidgetToApplicationContcxt(w), buf); 

} 

iw- > image. map_width=^(Dimen5ion)widtb; 
iw- > image. map_height-(Dimension)height; 

} 

} 

/* 

* Action Procedures 
♦/ 

static void Noiify(w,evcnt,paranis,nuinj3aranis) 

Widget w; 
XEveni *event; 
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String •params; 

Cardinal *nuin_params; 

{ 

Image Widget iw = (IraageWidgct)w; 

XBunonEvent *bunonevent = &c veni- > xbunon; 

inl posn[2] = {butionevent- > x,bunonevent- > y } ; 

if (iw-> image. niap_width< =posn{0] | | posn[0)<0 1 1 

iw->imagc,map_hcight< "posn[l] || posn[l]<0) Dprintf("No 
lmageNotify\n"); 
else { 

Dprmtf("IniageNoufy\n"); 
XtCaJICal]backList(w,iw- > image.callbacks,po5n); 

} 

} 
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source/lmpKJicsTestSA.c 



Test harness for KJicsFrameSAQ in Klics.SA 



#iiiclude "xwave.h" 
^include "jaicsSA.h" 



void IinpK]icsTestSA(w,closure.calI_data) 

Widget w; 

caddr_t closure, call data; 



int si2eY=SA_WIDTH*SA_HEIGHT, 

si2eUV=SA_WIDTH*SA_HEIGHT/4: 
shon •dst(3] = { 

(short •)MALLOC(si2eof(shon)»si2cy), 
(short *)MALLOC(sizcof(short)*si2eUV). 
(shon •)MALLCX:(si2eof(short)*si2eUV). 
}. ♦src[31; 

Video video = (Video)MALLOC(sizeof(VideoRec)); 
inr i. z; 

char file_name(STRLEN]; 

Bits bfp; 

Boolean stiUvid; 



strcpy(video- > name,((XawListRetumStruct •)call_data)- > string); 
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sp^mtf(^lle_n2me/%s%s/%s%s\0^globaJ-> homc,KIJCS_SA_DIR, video- > name.KLICS 
_SA_EXT): 

bfp=bopen(rile_name,"r"); * 

bread(&siiJlvid,l,bfp); 

bread(&video- > size[2J,si2eof(int)'8,bfip); 

video- > dau(0] =(shon **)MALLOC(si2eof(shon •)*video- > si2e{2]); 

video- >data(l]=(shon ••)MALLOC(si2eof(shon *)*video->size(2)); 

video- >data(2] = {shon ••)MALLOC(sizeof(sbon *)*vidco->si2e(21); 

video- > disk = False; 

video- > type s=YUV; 

video- > sizelO] = S A_WIDTH; 

video- > sizefl] = SA_HEIGHT; 

video- > UVsample[01 = 1; 

video- > UVsample( 1 ] = 1 ; 

video- > trans.typc =TRANS_None; 

for(2 = 0;z < video- > si2e{2] ;z -H- ) { 

NewFrame(video,2); 

sn;(0] = video- > dau[0][2]; 

srcfl] video- > data[l]l2]; 

src(2] = video- > data[2][z]; 

K]icsFranicSA(z= =0 1 1 stillyid?STILL:SEND,src,dst,bfp); 

SaveFranjc(video,z); 

FreeFrame(video,2); 

} 

bcIosc(bfp); 

video- > ncxt=globaJ- > videos; 
global- > videos = video; 
XlFrce(dst|0]); 
XtFrcc(dst(l]); 
XiFree(dsi(2]): 



wo M/23385 PCT/GB94/00677 

- 155 - 

source/Import Klics.c 



/• 

* Imponing raw KJics binary files 
*/ 

^include "xwave.h" 
^include "Klics.h* 

extern Bits bopenQ; 

extern void bcloscQ, breadQ, bwritcQ, bflushQ; 

extern void SkipFrameO; 

extern im HuffRcadQ; 

extern Boolean BlockZeroQ; 

extern void ZcroCocffsO; 

cxiem int ReadlntQ; 

extern int DccidcQ; 

extern double DecideDoubleQ; 

Boolean BoolToken(bfip) 

Bits bfp; 

{ 

Boolean token; 

brcad(&token J ,bfp); 
retum(token); 

} 
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void HuffBlock(block.bfp) 

Block block; 
Bits bfp; 

{ 

int X, Y; 

for(X = 0;X < BLOCK;X + + ) for(Y = 0; Y < BLOCK; Y + + ) 
blockIX][Y] =HuffRcad(bfip); 

} 

void PrevBlock(o]d,addr,x,y,z,oct.sub,chaimel,ctTl) 

Block old, addr; 

im X, y, z, oct, sub, channel; 

CompCtrl Ctrl; 

{ 

int X. Y; 

for(X=0;X<BLOCK;X++) for(Y=0;Y< BLOCK; Y++) { 

addr[X][Y]=Acccss((x< <1)+X,(y< < l)+Y,oct,sub,Si2e(ctrl->dst,channel.O)): 
oldpqiYl =ctrl. > dst- > data[chaimeI]l2]laddr[X][Y]l: 

} 

} 

void DcltaBlock(ncw,old,dclu,stq)) 



Block new, old, delta; 
int step; 
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{ 

int X, Y; 

for(X = 0:X<BLOCK;X++) for(Y=0;Y<BLOCK;y+ +) 

ncwfXim = old[X][Y] +dclta[X]ni*step+(delta[X]{Y]! =0?ncgif(delta[X]IY] < 0,{step.l) 
> >1):0); 

} 

void UpdateBlock(new,addr,2,channel,ctrl) 

int z, channel; 
Block new, addr; 
CompCtrl Ctrl; 

{ 

int X. Y; 

for(X=0;X <BLOCK;X+ +) for(Y=0;Y<BLCX:K;Y+ +) 

rtrl- > dst- > data(channcl][2][addrpC)[Y]] =(shon)ncwpq[Y]; 

) 

void ReadKlicsHeader(ctrl) 

CompCtrl Ctrl; 

{ 

KJicsHcaderRec head; 
int i; 

Video dst = Ctrl- > dst; 

frcad(&hcad,si2eof(K]icsHeaderRec), 1 ,ctrl- > bfp- > fp); 
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ctrl- > siiJlvid = head,stillvid; 

Ctrl- > auio_q=he^.auto_q; 

Ctrl- > buf^switch = hcad.buf^swiich; 

Ctrl- > qmni_const=head.quani_const; 

Ctrl- > thresb^const = head.thresh_const; 

Ctrl- > cmp_const=head.cmp_const; 

ctri->fps = head.fps; 

for(i = 0 ; i < 5 : i + + ) c trl- > base^fac tors [i] = head . ba5C_factors [i] ; 

Ctrl- > diag^factor = hcad.diag^factor; 

Ctrl- > chromc^factor =head.chromc_factor; 

Ctrl- > decide = head, decide; 

strq>y(dst- > iiaine,ctrl- > bin_namc); 

dst- > typc=hcad.type; 

dst* > disk » bead.disk; 

dst- > gamma ^ bead . gamma; 

dst- > rate - head . ra te ; 

dst- > siart=head.stan; 

for(i=0;i<3;i++) dst->si2c[i]=head.si2e[i]; 

fpr(i »0;i < 2;i + +) dst- > UVsamplc[i] = head. UVsample[i] ; 

dst- > trans ^ head, trans; 

dst- > prccision^hcad.prccision; 

for(i=0;i<(dst.>typc^=MONO?l:3);i++) 

dst- >data[i]= (short ♦*)MALLCX:(dst->si2e[2]*si2eof(shon ♦)); 

} 

void WritcKlicsHeader(ctrl) 
CompCtrl Ctrl; 



{ 

KlicsHeaderRec 
int i; 



head; 
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head.siillvid = ctrl- > siillvid; 
head.auto_q=ctrl- > auio_q; 
head.buf_£wiich=ctrl-> buf^swiich; 
head. quaiit_const= Ctrl- > qiiant_const; 
head. thresh_const= Ctrl- > tIiresh_const; 
head.crap_const=ctrl- > cmp^const; 
hcad.fps=ctrl->fps; 

for(i =0;i < 5;i -h -f ) head.base_factors[i] =ctrl- > base_factors[i] ; 

bcad.diag^factor = Ctrl- > diag^factor; 

hcad.chrome_facior= Ctrl- > chromc_factor; 

hcad.decide=ctrl- > decide; 

head* type = Ctrl- > dst- > type; 

hcad.disk = Ctrl- > dst- > disk; 

head, gamma = Ctrl- > dst- > gamma; 

head, rate = Ctrl- > dst- > rate; 

head. Stan = Ctrl- > dst- > start; 

for(i = 0;i < 3;i + + ) head.si2e[i] =ctrl- > dst- > sizcfij; 

for(i=0;i <2;i-H-) head.UVsamplc[i]=ctrl->dst-> UVsamplc[i]; 

head.trans =ctri- > dst- > trans; 

hcad.prccisioD=ctrl- > dst- > prtcision; 

fwritc(&head,si2eof(KlicsHcadcrRec), 1 ,ctrl- > hfp- > fp); 

} 

void KlicsTrcc(modc,x,y,2,oci,sub,channcI,ctrl) 

int mode, y, z, oct, sub, channel; 
CompCtri ctrl; 

{ 

Block addr. old, new, delta, zero_block={{0,0},{0.0}}; 

double nornis[3] = {ctrl- > quant_const,ctrl- > thresh_const,ctrl- > cmp^const} 

int step; 
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PrevBlock(old,addr,x,y,z,oct,sub,clianncl,ctrl); 
if (mode! = VOID) { 

CalcNortnals(ctrl,oct,sub,channcl, norms); 
STep=nonns{0] < l.O?l:(ini)nonns(0]; 
if (mode == STILL j | BlockZero(old)) { 

if (BoolToken(ctrl->bfp)) { /* NON_ZERO_STILL •/ 
Dprintf("NON_ZERO_S'nLL\n"); 
HuffBlock(delta,ctrl- > bfp); 
DeltaBlock(new,old,delta,step); 
UpdaieBlock(new,addT.2,channel,ctrl); 

} else { 

Dpriiitf("ZERO_STILL\n"); 

modc=STOP; /• ZERO_STILL */ 

} 

}else{ 

if (!BoolTokcn(ctrl->bfp)) { /* BLOCX_SAME •/ 

Dpriiitf("BLOCK_SAME\n"): 
mode = STOP; 

} else { 

if (!BoolToken(ctrI- > bfp)) { /• ZERO_VID •/ 

Dprintf("ZERO_VID\n"); 

ZcroCocffis(ctrl- > dst- > data[channel][z] ,addr); 

mode = VOID; 
} else { /♦ 

BLOCK_CHANGE ♦/ 

Dprintf("BLOCK_CHANGE\n"); 
HuffBlock(dclta.ctrl- > bip); 
DeltaB]ock(new.oId,delta,step); 
UpdatcBlock(ncw,addr,2.chaimel,ctrl); 

} 

} 

} 
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}elsc{ 

if (BlockZero(old)) mode = STOP; 
else { 

ZeroCoeffs(cirl- > dst- > dat2[channc]][z],addr); 
mode = VOID: 

} 

} 

if (oct>0 &A mode! =STOP) { 

Boolean decend - mode = = VOID?Truc : BoolTokcn(cirl- > bfp); 
int X, Y; 



Dprinrf("x = %d, y = %d, oct= %d sub= %d mode 
%d\n",x,y,oct,sub,mode); 

if (decend) { 

if (mode! = VOID) Dprintf("OCT_NON_ZERO\n"); 
for(Y=0;Y<2;Y++)for(X=0;X<2;X++) 

K]icsTree(mode,x*2 +X,y*2 + Y,2,oct- 1 ,sub,chamiel,ctrl); 
} else if (mode! = VOID) Dpriiitf("OCT_ZERO\n"); 

} 

} 

void KIicsLPF(mode,z.ctrI) 



CompCtrl Ctrl; 
iot mode, z; 



{ 

Block addr, old, new, delta; 

ini channel, channeis=arl- > dst- > type = =M0N0?1:3, x, y, 
ocisJiim=ctrl- > dst- > trans. wavelet.space[0], 

size[2] = {Size(ctrl->dst,0,0)> >octsJuin+l,Si2e(ctrl->dst,0,l)> >octsJum+l}; 
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for(y = 0;y<si2e(l];y++) for(x=0;x<si2e[0];x+ +) { 
Boolean lpf_loc = Tnje; 

if (mode! = STILL) { 

lpf_loc = BoolToken(ctrl->bfp); /* 
LPF_LOC_ZERO/LPF_LOC_NON_ZERO */ 

DprijitfC %s\nMpfJoc?"LPF_LOC_NON_ZERO" : "LPF_LOC_ZERO"): 
} 

if (Ipfjoc) for(channcI=0;channei<channcls;channel + +) { 
int 

ocis=ctrl->dst->trans.wavelei.spaceIctrl->dst->type= = YUV Sl& channel! = 07 1:0J, 

X, Y, stqj, value, bits=0; 

double 

Donns[3] = {ctxl- > quant_const,ctrl- > thresh_const,ctrl- > cinp_const}; 

Pn:vBlock(old,addr.x.y.z,octs-1.0,channcl.ctrl); 
CalcNonna]s(ctrI,octs-l .O.channel.Donns); 
step=iiornis[0] < 1.071 :(uu)nonns[0]; 
if (mode==STILL) { 
for(bits=0, 

value=((l < <8+ctrl->dst->precision)-l)/step;value!»=0;biis++) 

value = valuc> >1; 
for(X=0;X<BLOCK;X+ +) for(Y=0;Y< BLOCK;Y+ +) 

deltapC][Y] =ReadIm(bits,ctrl- > bfp); 
DeliaBlock(new,old,delu,step); 
UpdatcBlock(new,addr,z,chamicl,ctrl); 

}else{ 

if (BoolTokcn(ctrl- > bfp)) { /• 
LPF_ZERO/LPF_NON_ZERO ♦/ 

Dprintf( "LPF_NON_ZERO\n"); 
HuffBlock(delta,ctrl- > bfp); 
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DeItaBlock(new,o]d,dclta.stq)); 
UpdateBlock(ncw.addi,2,chanDel,ctrl); 
} else DpruitfCLPF_ZERO\n"); 



} 

} 



void KlicsFraine(ctrl,2) 

CompCtrl Ctrl; 
int z; 



{ 

Video dst=ctrl->dst; 

int sub, channel, x, y, mode =ctrl-> still vid 1 1 z==0?SnLL:SEND, 
octsJum=dst- > trans.wavelet.space[0], 

si2c{2] = {Si2c(dst,0,0)> > l+oct$Jum,Si2e(dst,0,I)> > 1+octsJum}; 



NcwFranie(dst,z); 

CopyFramc(dst,z-l,z,ctrI->stillvid II 2==0); 
if (z! =0 &4t Ctrl- > auto__q) { 

Ctrl- > quant_const + = (double)(HISTO/2 + ReadInt(HISTO_BITS ,ctrl- > bfp))*HlSTO_DE 
LTA*2 .0/fflSTO-fflSTO_DELTA; 

Ctrl- > quant_const=ctrI- > quant_const < 0.070.0: Ctrl- > quant_const; 

DprintfC" New quant %An",ctrl->quant_const); 

} 

KlicsLFF(mode,z.ctrI); 

for(y=0;y<size(ll;y+-f)for(x=0;x<si2e(0];x-l-+) { 
if (BoolToken(ctrl- > bfp)) { 
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Dprintf("LOCAL_NON_ZER0\n''); 

for(chaiineI = 0;channel<(dst->type= =M0N0?l:3);chaiincl+ +) { 
int octs=dsi->traiis,wavclet.space[dsi->typc= =yUV 

&& channel! =0?1:0]; 

if (BoolToken(ctrl->bfp)) { 

Dprintf( "CHANNEL_NON_ZERO\n"); 
for(sub= 1 ;sub < 4;sub+ +) 

KlicsTrcc(modc.x,y,2,octs-l,sub.chamiel,ctrl); 

} else Dprmtf("CHANNEL_ZERO\n"); 

} 

} else Dprintf("LOCAL_ZERO\n'); 

} 

} 

void IniponKlics(w,closurc,call_data) 



Widget w; 

caddr t closure, call_data; 

{ 

char file_namc[STRLEN]; 
CompCtrlRec cirl; 
int i, z; 

ctrl.dst « (Vidco)MALLOC(si2cof(VidcoRec)); 
stn:py(ctrI.bin_name,((XawListRcturnStnict ♦)call_dau)- > string); 

sprintf(file_name/ %s%s/%s%s\0",global- > home,KLlCS_DIR,ctrI.bin_namc,KLJCS_EX 
T); 

ctrl.bfp=bopen(file_namc,"r"); 
ReadKlicsHcader(&cirl): 
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if (ctrl.dst->disk) SaveHeader(ctrl.dst); 
for(z=0;2<ctrl.dst->size[2];z++) { 

if(z*=0 II !ctrl.buf_switch) KJicsFramc(&ctrI.z); 

else { 

if (BooIToken(ctrl.bfip)) K]icsFrame(&ctrl.2); 
else SkipFrame(ctrl.dst,z); 

} 

if (2>0) { 

SaveFraine(ctrl.dst,z-l); 
FrecFrainc(ctrl. dst,z- 1); 

} 

} 

SavcFramc(ctrl.dst,ctrLdst" > si2c[21-l); 
FrccFrame(ctrLdst,ctrI.dst- > si2c[2]-l); 
bclose(ctrLbfp): 

ctrl.dst- > next = global- > videos; 
global- > videos =ctrl.dst; 



} 
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source/ImponKJicsSA.c 
/* 

* Imponing raw Klics biimy files 

♦ Stand Alone version 

^include "KlicsSA.h" 
extern void ConvolveO; 

/* useful X definitions */ 
typedef char Boolean; 
#dcfmc True 1 
^define False 0 
#dcfme String char* 

extern ini HuffReadSAO; 

extern Boolean BlockZeroSAQ; 

extern void ZeroCoeffsSAQ; 

extern int RcadlntSAQ; 

extern int DecidcSAO; 

extern double DccideDoubleSAQ; 

Boolean BoolTokenSA(bfp) 

Bits bfjp; 

{ 
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Boolean token; 

bread(&iokcn,l,bfp);' 
remni(token); 

} 

void HuffBlockSA(block,bfp) 

Block block; 
Bits bfp; 

{ 

int X. Y; 

for(X=0;X < BLOCK;X+ +) for(Y=0;Y < BLOCK;Y+ +) 
blockfXim =HuffRcadSA(blip); 

} 

void PrcvBlockSA(old,addr,x.y,oct,sub,chanDeI,dst) 

Block old, addr; 

int X, y, oct, sub, channel; 

shon *dst(3]; 

{ 

int X, Y; 

for(X=0;X<BLOCK;X++) for(Y=0;Y<BLOCK;Y++) { 

addr[X][Y]=AccessSA((x< <1)+X,(y< <l)+Y.oct,sub,channcl); 
oldram =dst[channcI][addr(X]m]; 

} 

} 
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void DelufilockSA(new,old,delta,step) 



Block new, old. delta; 



int 



step; 



int X. Y; 

for<X =0;X < BLOCK;X + + ) for(Y =0; Y < BLOCK; Y + +) 

new[X][Y] =oldpC]m + delta [X]IY] 'step + (delta [XlfY]! =0?negif (delta [X][Y] < 0,(step-l) 
>>1):0); 

} 

void UpdateB]ockSA(new,addr,chaiiDel.dst) 

int channel; 
Block new, addr, 
short •dst[3J; 

{ 

int X, Y; 

for(X =0;X < BLOCK;X+ +) for(Y=0;Y < BLOCK;Y+ +) 



dst(channcl]Iaddr[X]rY]] = (shoit)new(X]IY]: 



void 



KJicsTreeS A(mode ,x ,y , oct , sub .channel ,dst , bip, quant^const) 



Bits 



shon 



int 



mode, X, y, oct, sub, channel; 

♦dst[3]; 

bfp; 
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double quaniconst; 
{ 

Block addr. old, new, delta. zero_block={{0,0},{0,0}}; 
double nonns[3] = {quam_const,thresh_consi,cmp_const}; 

Int step; 

PrevBIockSA(old,addr,x,y,oct,sub,channel,dst); 
if (modc!=VOID) { 

CalcNorma]sSA(oct,sub,chaiinel,nonns,quani_const); 
siep=norms[0] < 1.0?l:(int)nonns[0]; 
if (mode= =STILL 1 1 BlockZero(old)) { 

if (BoolTokenSA(bfp)) { /• NON_ZERO_STILL */ 
Dprintf("NON_ZERO_STILL\n'); 
HufiBIockSA(delta.bfjp); 
DeltafilockSA(Dew,oId,delta,step); 
UpdateBlockSA(new,addr,chaimel,dst); 

} else { 

Dprintf<"ZERO_STILL\n"); 

mode=STOP; /• ZERO_STILL */ 

} 

}else{ 

if (!BoolTokcnSA(bfip)) { /• BLOCKJAME ♦/ 

Dprintf("BLCX3C_SAME\n"): 

mode = STOP; 
} else { 

if (!BoolTokenSA(bip)) { /* ZERO_VID •/ 

Dprimf("ZERO_VID\n"); 

ZeroCoeffsSA(dst(channel] ,addr) ; 

mode ^ VOID; 
} else { /* 

BLOCK_CHANGE */ 
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Dprintf("BLOCK_CHANGE\n") ; 
HuffB]ockSA(delta,bfp); 
De]taBlockSA(ncw,old,dclta,stcp); 
UpdaieBlockSA(new,addr,chamiel ,dsi) ; 

} 

} 

} 

} else { 

if (BlockZeroSA(old)) mode = STOP; 
else { 

ZcroCoeffsSA(dstIchaiinel],addr): 
mode=VOID; 

} 

} 

if (oct > 0 mode! = STOP) { 

Boolean deccnd - mode » « VOID?Tnie:BoolTokcnSA(bfp); 
int X, Y; 



DprintfCx* %d, y-%d, oci»%d sub=%d mode 
%d\n",x,y,oct,sub,mode); 

if (decend) { 

if (mode! = VOID) Dprintf("OCT_NON_ZERO\n"); 
for(Y =0; Y < 2; Y + +) for(X -0;X < 2;X + + ) 

KJicsTreeSA(modc,x*2+X,y*2+Y,oct-l,sub,chamicl,dst,bfp,quant_const); 
} else if (model = VOID) Dpriiitf(-OCrr_ZERO\n"); 

} 

} 



void K]icsLPF_SA(mode,dst,bfp.quant_const) 



ini mode; 
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shon *dsi[3]; 



Bits bfip; 



double 



quant^consi; 



Block addr, old, new, delta; 



int channel, channels =3, x, y, 
octs ]uin=3, 



si2e[2] = {SA_WIDTH> >octsJum+l,SA^HEIGHT> >octsJum+l}; 
for(y=0;y<si2c[l];y++) for(x-0;x<si2c[0];x++) { 



if (nx)dc!=STILL) { 

lpfJoc=BooITokcnSA(bfp); /♦ 
LPF^LOC^ZERO/LPF_LOC^NON_ZERO */ 

Dprintf(" %s\n\lpf Joc?"lJF^L0C_N0N_2ERO^ "1J>F^IJ3C_ZER^ 



if (Ipfjoc) for(channcl«0;channel<chanDcls;channel++) { 
int octs=channcl!=0?2:3. 



PrevBlockSA(old,addr,x,y,octs-1.0,channel,dsl); 
CalcNorTnalsSA(octs-l ,0,channcKnorms,quant_const); 
stq)= nonns(0] < 1 .071 :(int)nonns[0] ; 
if (mode == STILL) { 
for(bits=0, 



value= ((1 < < 8 + SA_PRECISION)-l)/step;valuc! ==0;bits+ +) 

vaJue= value > > 1; 



Boolean 



lpfJoc=Tnic; 



double 



X, y, step, value, bits=0; 

nonns[3] = {quani_const,thrcsh_const,cmp_consi}; 
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for(X =0;X < BLOCK;X+ +) for(Y=0;Y < BLOCK; Y + +) 

delia(Xl[Y]=ReadIniSA(biis,bfp); 
DelmBlockSA(ncw, old , delta , step); 
UpdatcBlockSA(ncw,addr,chamiel.dst); 

}else{ 

if (BoolTokenSA(bfp)) { /* LPF_ZERO/LPF_NON_ZERO 

*/ 

Dprintf( "LPF.NON.ZERONn"); 
HuffBlockSA(dclta.bfp); 
DeltaBlockSA(ncw.old,delta.step); 
UpdatcBIockSA(new,addr,chaimcl,dst); 
) else Dpriiiif("LPF_ZERO\n''); 

} 

} 

} 

} 

void K]icsFrameSA(modc,src,dsi,bfjp) 

int mode; 

short ♦src[3], *d5t[3]; 

Bits bfp; 

{ 

int sub, channel, x, i, 
octsJum=3, 

size[2] = {SA_WIDTH> >l+octsJum,SA_HeGHT> >l+octsJum}; 
double quant_consi; 

brcad((char *)&quant_const,si2cof(doublc)*8,bfp); 
KJ icsLPF^S A(modc ,dsi , bfp , quant^const) ; 
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for(y=0;y<si2e[l];y++) for(x=0;x<si2e[0];x + +) { 
if (BoolTokenSA(bfTp)) { 

DpriDtf("LOCAL_NON_ZERO\n"); 
for(channcl=0;channcl<3;channel + +) { 
int octs=channel!=0?2:3; 

if (BoolTokenSA(bfp)) { 

Dprinrf("CHANNEL_NON_ZERO\n"); 
forCsub- 1 ;sub < 4;sub+ +) 

Klic5TrceSA(mode,x,y ,octs-l ,sub,channel,dst,bfip,quant const); 

} else Dpriiiif("CHANNEL_2ER0\n"): 

} 

) else Dprintf("LOCAL_ZERO\n"); 

) 

forCchanncl sO;chanQel< 3 ;cba]inel + +) { 
int 

fiaine_si2e(2] = {SA_WIDTH> > (channel == 0?0: 1 ),SA_HHGHT >> (channel ==0?0:1 
)}. 

fiamc__arM - frame_5izc[0]*fTame_si2e(l]; 

for(i=0; j < fTanie_area;i+ +) src[channcl][i] =dst[chaiinel][i]; 
Convolve(src(channel],False,frame_si2e,channcl= =0?3:2,0); 
for(i =0;i< fraffle_area;i+ +) 
src(channel]Ii] = src(channel][Q > > SA_PRECISION; 
} 

} 
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source/InitFrame.c 



Initialise frame structure for Frame command widget 

♦/ 

^include " . . /include/xwave.h" 
#defme FRAMEJCONS 14 

^define TRANS^MENU I 

^define COMP_MENU 2 

extern void CopyVidcoQ; 

extern void CompareQ; 

extern void NAQ; 

extern void FrameDestroyO; 

extern void ExamineO; 

extern void FramePointYNQ; 

extern void FramelnfoQ; 

extern void FrameMergcQ; 

extern void MovicO; 

extern void PostScriptQ; 

extern void SelectQ; 

extern void SpcctrumQ; 

extern void NcwPointQ; 

extern void TransformO; 

extern void CompressQ; 

extern String ♦VidcoCurrcnlList(); 

extern void KlicsSAQ; 

void InitFrame (w,closure,call_dau) 
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Widget 



w; 



caddr t 



closure, caJI data; 



XawListRetumStnict *name = (XawListRetuniSiTUCt *)call data; 
Video videos Find Vidco(naine- > string, global- > videos); 
Frame frame = (Frame)MALLOC(si2cof(FramcRcc)); 
Widget shcU[2], form, widgcts[FRAMEJCONS], 
trans_widgcts[TRANS_MENU], comp_widgcts[COMP_MENU]; 
Arg args[71; 
Pixmap pixmap; 

int view(2] = {154-video- > si2e{01,13 + video- > si2c[l]); 
Formltcm itcmsQ«{ 



"fnn^canccr, •fTaroe_closc", 
••fnn^copy", "copy", 
"firm^exam", "examine", 
"firm j)oint_yn" , "point , 
"frm^transfonn" /transfonn" . 



3,0,FWJcon,NlJLL}. 



0,0,FWJcon,hnjLL) , 
l,0,FWjcon,NULL}, 
2,0.FWJcon,NULL}, 



4 ,0,FW jcon_buttcn. "frm_tians_mcnu"}, 

{ "fnn_info jTi" , " info" , 
5,0,FW_icon,NULL}, 



"frm^mergc", "merge", 
" frm^compress " , "code " , 



6,0,FWjoggIc.NULL}. 



7,0,FW_icon_button, "fnn_comp_mcnu**}. 



"&m_movic" , "movie " , 
"firm jwstscript" , "postscript" , 
"frm_compait", "compare", 
"fim^vicw", NULL, 



8,0.FWJcon,NULL}. 
9,0.FWJcon»NULL}, 

lO,0,FWjcon,NULL}, 



0, 1 ,FW_view,(String)view}, 



frmjabcl", video- > name, 
frm_colors " , "colors " . 



0,12,FWJabel,NULL}. 

13,12,FWJcon,NULL}, 



}; 
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Selection sel = (Seleciion)MALLOC(si2eof(SelecL!tem)); 
Mcnuliem traDS_menu(TRANS_MENUl = { 

{ "trans_Wavelct" .smeBSBObjcctClass,"Wavclet",NULL}. 

}; 

Mcnuliem comp_mcmi(COMP_MENU] = { 

{ "compKUCS" .sraeBSBObjectClass, "KLICS " .NULL}, 
{"comp_KLICS_SA",smeBSBObjectClass, "KLICS SA'.NULL}, 

}; 

XtCaJlbackRec firamecallO = { 

{FrameDestroy,(caddrj)fTame}, {Free.(caddr_t)sel}, {NULL.NULL}, 

{Copy Video, (caddrj) video}, {NULL.NULL}. 

{Examiiie,(caddrj)ftame), {NULL,NULL}. 

{FramePointYN,(caddrj)fnine}, {NULL,NULL}, 

{FramcInfo,(caddr_t)frame}, {NULL.NULL}, 

{FramcMerge,(caddr_t)liame), {NULL,NULL}. 

{Movic,(caddr_t)fraine}, {NULL.NULL}, 

{PostScript.(caddr_t)fTame}, {NULL.NULL}. 

{Select.(caddrj)$el}, {NULL,NULL}, 

{Spectnim.(caddr_t)fiame}. {NULL,NULL}, 
}, iinagc_callO"{ 

{NcwPoini,(caddr_t)frame}, {NULL.NULL}. 
}, traiis_callD = { 

{Transfonn,(caddr_t)video}, {NULL.NULL}, 
}, conip_callQ={ 

{Comprcss.(caddr_t)video}, {NULL,NULL}, 
{KlicsSA.(caddr_t)video}. {NULL,NULL}. 

): 

Colonnap cmap = ChaimelCmap(frainc- > channel = (video- > type = = MONO 
j j video- > trans. type! =TRANS_None)?0:3,video- > type, video- > gamma); 

Dprintf("InitFramc\n"); 
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scl- > nairic = "video_ComparB"; 

scl- > button = "frm_comparc"; 

sel- > list_proc = VideoCurremlist; 

sel- > aciion^name = "Compare videos" ; 

sel- > action jDroc =^ Compare; 

sel- > action_closure==(caddr_t)video; 

frame- > video = video; 

frame- > shcll = ShcI]Widgct("frm_sheU^gIobalO toplevel,SWjop,cmap,N 
fonn"FormatWidget("frm_fonn\fTamc- > shell); 
frame- > image_widget = NULL; 

frame- > insg » NULL; 

frame- > zoom =0; 
frame- > frame =0; 

frame- > poini_swiich = False; 
frame- > point_merge = False; 

frame- > point = (Pomi)MALLOC(si2cof(PointRec)); 

frame- > point- > location[0] =0; 

frame- > point- > locationfl] =0; 

frame- > point- > usage « 1 ; 

frame- > point- > ncxt=globaI- > points; 

global- > points ^ fr^jnc- > point; 

frame- > palette =0; 

frame- > next = global- > francs; 
global- > frames = frame; 

GeiFrame(video,frame-> frame); 
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pixmap = Updatelmagc(fTarne); 

FiIlFonn(fonn.FRAMEJCONS.itcms.widgets,framc call); 

shcU[0] = Sbcl]Widget("fnn_D^_menu\widgets[4],SW_mcnu,NUIX,NIJLL); 

FyiMenu(shell[OJ,TRANS_MENU,trans_menu,iraiis_widgets.irans_caU); 

shell[l]=ShellWidget("fhn_comp_menu^widgets[7],SW_menu,NULL,NULL); 

Fi]lMenu(shell[ 1 ] ,COMP_MENU,comp_menu,comp_widgeis,comp_call); 

frame- > poiDt_merge_widget=» widgcts[6]; 

XtSctArg(args[0],XlNbitmap,pixinap); 
X:SeiArg(argsIl],XiNwidth,video- > size[0]); 
XtSetArg(args(2],XtNhcigiit, video- > sizefl]); 
XtSciArg(args[31 .XtNcaUback,imagc_caIl); 

frame- > imagc_widget = XtCreatf:ManagedWidgct("fnn_iiiiagc" .image WidgetCla«,widget 
sIll],args,FOUR); 

XtSetSensidveCframe- > image_widget.False); 
XtSetSensitivc(widgets{13],PseudoColor= =glol)aI- > visinfo- > class); 
XlPopup(framc- > shelI,XtGrabNonc): 

} 

Video Find Video(name, video) 

String Dame; 
Video video; 

{ 

if (video == NULL) reiuni(NULL); 
else if (!strcmp(name,video->namc)) rctum(vidco); 
else retum(FindVideo(iiaroe, video- > next)); 

} 
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source/InitMain .c 



/* 

Initialise menu structure for Main command widget 



^include "../includc/xwavch" 



/* Save extcms */ 

cxtcTB void VidcoSavcQ; 

extern void VidcoXimSavcQ; 

extern void VidcoDTSavcQ; 

extern void VidcoMacSavcQ; 

extern void VidcoHexSavcQ; 

/♦ List extcms ♦/ 



extern String *VidcoListO; 
extern String ♦VidcoDropUstO; 
extern String ♦VidcoCurrcniListO; 
extern String ♦KlicsListQ; 
extern String *KlicsListSAO; 

/* Import extcms •/ 

extern void ImportKIicsQ; 
extern void ImpKlicsTesiSAQ; 



/* Main extems */ 
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extern void SelcctQ; 

exiern void VidcoCIeanO; 

exicm void QuitQ; 

extern void VideoLoadQ; 

extern void IniiFramcQ; 

extern void VidecDropO; 

extern void PlotGraphQ; 

/♦ Function Name: InitMain 

* Description: Create niain menu button & sub-menus 

* Arguments: none 

* Returns: none 
*/ 



#dcfmc MAIN^MENU 7 
#defme SAVE_MENU 5 
^define IMPT^MENU 2 



InitMainO 



Widget form = Format WidgetCxwave^form^^global- > toplevcl), widgets(l], 

main^sbell, main_widgcts[MAIN_MENU], 

savcjhcll, savc_widgcts[SAVE_MENU], 

impt_shcll, impt_widgcts[IMPT_^MENU]; 
Fonnltcm iicmsD={ 

{ "xwavcLogo" , "main" ,0.0,FWJcon_bunon, "xwave_main_sh"} , 

}; 

Menultem inain_inenuQs{ 

{"inain_Opcn",sineBSBObjcctClass,"Opcn a vidco",NULL}, 
{"main^Atiach'.smeBSBObjcctCIass/Anach a frame". NULL}, 
{"main_Savc",smcBSBprObjectClass,"Save a video", "xwave save sh"}, 
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{"main_Drop".smeBSBObjectCla3S."Drop a vidco",NULL}, 
{■in2iD_Clean".smcBSB0bjcctClass. "Clean out videos",NULL}, 
{ 'maiii_Iinpon",snieBSBprObjectClass, "Impon a 
video "." xwavc_iinpt_sh "} , 

{ •'main_Quit".smeBSBObjectCIass, "Quit". NULL}, 
}, save_menuQ = { 

{"save_menu_vid",smeBSBObjectClass/Save xwave video".NULL}, 
{'save_menu_xim",smeBSBObjectClass,"Save xim vidco",NULL}, 
{"save_meim_dt".smeBSBObjectClass."Savc DT image", hOJLL}, 
{"savc_mciiu_mac",smeBSBObjeaClass,"Savc mac video",NULL}, 
{"save_mcQU_bex",smeBSBObjectClass,"Save hex dunq)",NlJLL}, 
}, impt_niciiuQ={ 

{"impt_mcnu,kJlcs",smcBSB0bjcctGIas8,"iaJCS",NULL}, 

{ "in^t_mcnu_kJicsSA" .smcBSBObjcctClass, "KUCS SA" .NULL} , 

}: 

Static Selcctltem selcctionO = { 

{"vidco_Opcn"/xwaveLogo\VidcoLisi/Opcn a 
video%VidcoLoad,NULL}, 

{"framc_Attach\*xwavcU)go\VidcoCurTart^ a 
frame \InitFranic.NULL}, 

{-vidco_Drop"/xwavcLogo".VidcoDropList,"Drop a 
video",VideoDrop.NULL}, 
}, savc_selD-{ 

{"savc^vid' , "xwavcLogo", VidcoCuntniList, "Save xwave 
video", VidcoSavcNULL}, 

{ "sa vc_xim" , "x waveLogo " , VidcoCurrcntListt "Save xim 
video" ,VidcoXimSave,NULL}, 

{"save_dt"/xwavcLogo",VideoCurTcntList/Save DT 
image ** . VideoDTSave .NULL} , 

{ " sa vc^mac " , " x wa veLogo " , VideoCurrentList, " Save mac 
video",VideoMacSavc,NULL}, 

{ "savc^hex" . "xwaveLogo" , VideoCurrentList, "Save hex 
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dump".VideoHcxSave,NULL} . 
}, impt_sel[]={ 

{ ''impt_lcJics", "xwaveLogo" ,KlicsList, "Impon 
KLICS " . ImponKlics, NULL} , 

{ " impt_kJicsSA " , "xwaveLogo " .KJicsListSA. "Impon KLICS 
SA " .ImpKIicsTestSA.NULL} . 

}: 

XtCaJlbackRcc mam_call[]={ 

{Select,(caddrj)&selection(0]}, {NULL,NULL}, 

{Select,(caddr_t)&selecuon{l]}, {NULL.NULL}, 

{SeIcct,(caddr_t)&selection(2]}, {NULL,NULL}, 

{Videoaean,(caddr_t)NULL}, {NULL.NULL}. 

{Quit.(caddrj)NULL}, {NULL,NULL), 
}, savc_calIO={ 

{Selcct,(caddrj)&save_sclI01}, {NULUNULL}, 

{Select,(caddrj)&save_scl[ll}, {NULL,NULL}. 

{Selcct,(caddr_t)&save_sel[21}, {NULL.NULL}, 

{Sclect.(caddrj)&save_sel[31}, {NULL,NULL}. 

{Select,(caddr_t)&save^sel(4]}. {NULL,NULL}, 
}. unpC_caJin={ 

{Select,(caddrj)&inipt_seUO]}, {NULL,NULL}, 

{Select,(caddrj)&iinpt_scl[l]}. {NULL.NULL}. 

}; 

Dprintf("InitMain\n"); 
FillFonn(fonn,ONE,iu:ins,widgets,NULL); 

main^shcll = SbellWidgei("xwave_maiii_sh",widgets[0] ,SW_menu,NULL,NULL); 

save_shell=ShelIWidget("xwave_save_sh",inain_shell,SW_incnu,NULL,NULL); 

impt_shelI*ShellWidget("xwave_impt_sh^Inain_shell,SW_me^u,NULL,NULL); 

FillMenu(main_shen,MAJN_MENU,main_menu,mam_wklgets,inain_call); 

FjlIMenu(save_shelI,SAVE_MENU,savc_nienu,save_widgets,save_call); 

FillMenu(in^t_shell,IMPT_MENU.impt_menu,impt_widgets,impt_call); 
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sourcc/KUcsS.c 



/* 

Full still/video Knowles-Lewis Image Compression System utilising HVS 
propenies 

and delta-tree coding 

*/ 

^include "xwave.h" 
^include "Klics.h" 
^include <math.b> 

exieni Bits bopenQ; 

extern void bcloseQ, breadQ, bwiiteQ, bflushO; 

extern WritcKlicsHcaderQ; 

/• token modes (empty) •/ 

#dcfine EMPTY 0 

#defuie CHANNEL_EMPTY 1 

#defmc OCTAVE_EMPTY 2 

#defme LPF_EMPTY 3 

#define FULL 4 

typedef stroct _HistRec { 

int bits, octbits(3]I51, Ipf, activity, target. token[TOKENS], cocffll29]; 

double q_const; 
} HistRcc, *Hist; /* history record */ 



/♦ 



Function Name: Access 

Description: Find index address from co-ordinates 
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* Arguments: x, y - (x,y) co-ordinaies 

* oci, sub, channel - octave, sub-band and channel co-ordmatcs 

* width - image data width 

* Returns: index into vid->data[channcl]Q[indcx] 
*/ 

int Access(x,y,oct,sub, width) 

int X, y, oct, sub, width; 

{ 

retuni(((x< <l)-h(sub> > l)+width*((y < < l)+(l&sub)))< <oct); 

} 

/♦ Function Name: LastFrame 

* Description: Find last firame encoded 

* Arguments: z - index of current frame 

* hist - history records 

* Returns: index of previous frame 
♦/ 

int LastFrame<z,hist) 

im z; 
Hist hist; 

{ 

int i=z-l; 

while(hist[i].bits- =0 && i>0) i-; 
remra(i<0?0:i); 

} 
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/♦ Funciion Name; Decide 

* Description; Calculate value representing the difference bcnvccn new and old 
blocks 

* Arguments: new, old - blocks to compare 

* mode - differencing algorithm {MAXIMUM | SIGABS | 
SIGSQR} 

* Rerums: difference value 
*/ 

ini Decide(new,old,modc) 

Block new, old; 
int mode; 

{ 

int X, Y, Sigma =0; 

for<X=0;X<BLOCK;X++) for(Y=0;Y < BLOCK; Y-f+) { 
int n_o=newpC][Y]-cldpq[Y]; 

switcb(mode) { 
case MAXIMUM: 

sigma=sigma>abs(n_o)?sigina:abs(n_o); 

break; 
case SIGABS: 

sigina+=abs(n_o); 

break; 
case SIGSQR: 

sigma + = n_o*n_o; 

break; 

} 



} 
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returD(sigma); 



} 



/* Function Name: DecideDoublc 

* Description: CalcuJaies nonna] w.r.t differencing aJgorithm 

* ArguineDts: nonn - normal value 

* mode - differencing algorithm {MAXIMUM | SIGABS | 
SIGSQR} 

* Returns: new normal value 
*/ 

double DecideDouble(norm,mode) 

double nonn; 
int mode; 



double ret; 

switch(mode) { ^ 
case MAXIMUM: 

ret "norm; 

break; 
case SIGABS: 

rci=4.0*norm; 

break; 
case SIGSQR: 

rct=4,0*norm*norm; 

break; 

} 

retum(rct); 
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Boolean Dccision(ncw,old,Dorm,n3odc) 

Block new, old; 
double norm; 
im mode; 

{ 

rerurn((double)Decide(ncw,old,inode) < =DccidcDoublc(nonn,modc)); 

} 

/♦ Function Name: Feedback 

♦ Description: Calculates new target activity from target bits and historical values 

♦ Arguments: hist - history records 

♦ curr * current frame 

♦ taps - size of history window 

♦ Returns: target activity 
♦/ 

int Feedback(hist,curT,taps) 

int curr; 
Hist hist; 
int taps; 

{ 

int prev=ciirr, i; 
double ratio "0; 

for(i=0;i<taps && prcv!=0;i++) { 
prcv =LastFrainc^rcv,hist); 

ratio + = (double)hist[prev] .activity/(double)(hist(prevl .bits-(prev = =0?hist(0] .lpf:0)); 



Substitute SHEET (flUf 26) 
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} 

rerurn((iiii)(raiio»(doubie)hisi(cun'].tajget/(double)i)); 

) 



/* Function Name: Filter 

♦ Description: Calculates new q_consi filtering historical values 

♦ Arguments: hist - history records 

♦ cuTT - current frame 

♦ taps - size of history window 

♦ filter - index to filter 

♦ Rcmms: q_const 
♦/ 

double Filter(hist,curr , taps , filter) 

int curr; 

Hist hist; 

int taps, filter; 



{ 

double mac=hisi[cujT].q_coiist, sum=1.0, coeff=1.0; 

iot i, prev=curr; 



for(i=0;i<taps Sl& prcv!=0;i+-f ) { 
prev = LastFrameCprev .hist) ; 
coeff=filier= =0?0:coefr/2.0; 
mac+ =hist(prev].q_cbnst'*coeff; 
sum+ =coeff; 

} 

renim(raac/sum); 
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/* FuBCiion Name: Huffman 

* Description: CaJculates the number of bits for the Huffman code representing 
level 

* Arguments: level - level to be encoded 

* Returns: number of bits in codeword 
•/ 

int Hufftnan(level) 

ini level; 

{ 

remmdcvel »= = 0?2:(abs(lcvcl) < 3?3: 1 +abs(lcvcl))); 

} 

/* FuDction Name: HuffCcxlc 

* Descripdoo: Generates Huffinaii code irprescnimg level 

* Arguments; level - level to be encoded 

* Returns: coded bits in char's 
*/ 

unsigned char *HuffCode(lcvel) 
int level; 

{ 

unsigned char *bytes= (unsigned char *)MALLOC((7-l-Huffman(level))/8); 

byies[0] = (abs(level) < 3?abs(levcl):3) | (level < 0?4:0); 
if (abs(levcl)>2) { 

int index=(7+Huffman(level))/8-l; 
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bytes [ index] = byies[ index] j(l < < (Huffman(level)-1)%8): 

} 

remni(bytes); 

} 



unsigned char *CodeIni(number,bits) 
int number, bits; 



int len=(7+bits)/8; 

unsigned char ♦bytes = (unsigned char *)MALLOC(len); 
int byte; 



for(byte*^0;byic<len;byte++) { 
bytcs[bytc] =Oxff&numbcr; 
number = number > >8; 

} 

retumOytes); 



int Readlnt(bits,bf]p) 

int bits; 
Bits bfp; 



int len»(7+bits)/8; 
unsigned char bytes(Ien]; 
int byte, number =0; 



brcad{bytes, bits , bfp); 
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forCbyie = 0;byie < len; byte + + ) 

Eumber = number j ((mt)byies[byte] < < bytc*8); 

Dumber =(n\imber< <si2eof(ini)*8-bits)> >si2eof(im)*8-bits; 
retura(number); 

} 

/* Function Name: HuffRcad 

* Description: Read Huffman encoded number from binary file 

* Arguments: bfp - binary file pointer 

* Renims: decoded level 
*/ 

int Hufaiead(bfp) 
Bits bfp; 

{ 

int value; 

unsigned char byte; 
Boolean negative -False; 

brcad(&bytc,2,bfip); 

vaJuc=(int)bytc; 

if (byte= = '\0*) retum(0); 

else { 

brcad(&byte,l,bfp); 
negative = (byte! = '\0*); 

} 

if (value < 3) retuni(negif (negative, value)); 
for(bytc»*\0';bytc = »'\0';value++) brcad(&bytc,l,bfp); 
rcturn(iicgif(ncgati ve , value- 1 )) ; 
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/* Function Name: Qxianiizc 

* Description: RMS style quantizer 

* Arguments: data - unquaniised number 

* q - quantizing divisor 

* level - quantised to level 

* Returns: quantized data & level 
♦/ 

int Quantize(data,q, level) 

int data, q, ^Icvel; 

{ 

int mag Jevel = abs(data)/q; 
♦level =negif(data < Cmagjevel); 

retunKDegif(data<0,magJevcl*q + (magJcvel!=0?(q-l)> > 1:0))); 

} 

/♦ Function Name: Proposed 

* Description: Calculates proposed block values 

* Arguments: pro - proposed block 

* lev - proposed block quantized levels 

* old, new - old and new block values 

* decide * decision algorithm 

* norms - HVS normals 

* Returns: new= =0, proposed values (pro) and levels (lev) 
*/ 

Boolean Proposed(pro,lev,old,new,decidc,nonns) 
Block pro, lev, old, new; 
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int decide; 

double norms(3]; 



Block zero_block={{0,0},{0,0}}; 

ini X, Y, step=norms[0]<1.0?l:(mt)nonns[0]; 

Boolean iero= Decision(ncw,zcro_block,noniis[l],dccidc): 

for(X = 0;X < BLOCK:X + + ) for(Y = 0; Y < BLOCK; Y + + ) 



pro(X][Y]=zero?0:old[X][Y]+<^ianti2e(new[X]m-old[X]IY].sicp.&flcvPq[Y])): 
Tetuni(zero); 

} 

/* Function Name: ZeroCoeffs 

♦ Etescription: Zero out video data 

* Arguments: data • image data 

* addr - addresses 

♦ Returns: zeros dataIaddr[]D] 
*/ 

void ZeroCoeffs(data»addr) 



short ♦data; 
Block addr; 

{ 

im X, Y; 

for(X = 0;X < BLOCK;X + +) fcr(Y =0; Y < BLOCK;Y + + ) 
daia(addr[X]IYl]=0;. 

} 
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/♦ Function Name: BlockZcro 

* Description: Test if all block values are zero 

* Arguments: block - block under test 

* Returns: block ==0 

Boolean BlockZcro(block) 

Block block; 

{ 

int X, Y; 

Boolean zero = True; 

for(X=0;X<BLOCK;X++) for(Y=0;Y< BLOCK; Y++) 

if (blockfXim! -0) zcro=- False; 
retum(2cro); 

} 

/* Function Name: SendToken 

* Description: Incremenis token frequency 

* Arguments: token - token to be transmitted 

* channel, sub, oct - co-ordinates 

* Ctrl - control record for compresssion 

* hist • history record 

* empty - zero state {EMPTY | CHANNEL^EMPTY | 
OCTAVE^EMPTY | LPF^EMPTY 1 FULL) 

* branch • branch of tree (0-3) 

* Returns: encodes token 
♦/ 



void ScndTokcn(tokcn,channel,sub,oct,ctrl,hist,erapty, branch) 
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ini token, channel, sub, oa, "empty, branch; 
CompCtrl Ctrl; 
Hist hist; 

{ 

inl full=FULL, i; 
String 

token_namefTOKENS] = { "ZEROJTILL" , "NONZEROSULL", "BLOCK_SAME" , "ZE 
RO_VID" . ••BLOCK_CHANGE" , 

"LOCAL_ZERO" , "LOCAL_NON_ZERO", "CHANNEL_ZERO" , "CHANNEL,NON_ZE 
RO " , "OCT_ZERO" , "OCT_NON_ZERO" . 

"LPF_ZERO" . "LPF_NON_ZERO*, •LPF_LCX:_ZERO", "LPF_LOC_NON^ZERO"} ; 

swiich(*cmpty) { 
case EMPTY: 

if (token! = ZERO^STILL && token! =BLOCK_SAME) { 

ScndToken(LOCAL_NON_ZERO,channcl,sub,oct,ctrl,hist,&ftill,braDch); 

for(i=0;i < channel;i+ +) 
SeDdToken(CHANNEL_ZERO,i,sub,oct,ctrl,hist,&fiiIl,branch); 

•empty »CHANNEL_EMPTY; 

SendToken(token,channel,sub,oct,ctrI,hist,cmpty .branch); 

} 

break; 

case CHANNEL_EMPTY: 

if (token! = ZERO_STILL && token! = BLOCK_S AME) { 

SendToken(CHANNEL_NON_ZERO,channcl,sub,oct,ctrl,hist,&full,branch); 
for(i=l;i<sub;i++) 

SendToken(token= = NON_ZERO_STILL?ZERO_STILL:BLOCK_SAME,channeI,i,oct,ct 
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rl.hist.&fuJl.branch); 

•empty = FULL; 

SeDdToken(iokeD.chajinel, sub. oct.ctrl.hisi.cmpty. branch); 

} 

break; 

case OCTAVE_EMPTY: 

if (ioken!=ZERO_STILL && token! =BLOCK_SAME) { 



SendToken(OCT_NON_ZERO,channel.sub.oct,ctrl,hist,&full,branch); 

for(i=0;i < branch;i+ +) 
SendToken(token==NON_ZEROJTILL?ZERO_STILL:BLOCK_SAME,channel,sub.oc 
t,ctrl,liist,«&full.branch); 

♦empty = FULL; 

SendTokeD(token,chamiel,sub,oct,ctrl.hist,empty,brancb); 

} 

break: 
case LPF_EMPTY: 

if (token! =LPF_ZERO) { 

SendToken(LPF_LCX:_NON_ZE3lO,channel.sub,oct,ctrl,hist,&fiiU,branch); 

for(i «- 0;i< channcUi + + ) 
SendTokcn(LPF_ZERO,i,sub.oct,ctrI,hist,&fiill,branch); 

•empty = FULL; 

SendToken(tokcn,channel,sub,oct,ctrI,hist,empty,branch); 

} 

break; 
case FULL: 

Dprintf(" %s\n".token_namc[tokcn]); 

hist- > token(token] + + ; 

hist- > bits + = token_bits[tokenJ; 

hist->ocibiis(channell(oct] + =tokcn_bits(token]; 

if (Ctrl- > bin_switch) 
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bwrite(<&token_ccxjes(ioken],token_biis[token],ctrl- > bfp); 
break; 

} 

} 



/♦ Function Name: ReadBlock 

* Description: Read block from video 

* Arguments: new, old, addr - new and old blocks and addresses 

* X, y, 2, oct, sub, channel - co-ordinates of block 

* Ctrl - compression control record 

* Returns: block values 
*/ 



void ReadBlock(new,old,addr,x,y,2,oct,sub,chaimcl,ctrl) 



Block new, old, addr; 

int X, y, z, oct, sub, channel; 

CompCtrl Ctrl; 

{ 

int X, Y; 

for(X-0;X<BLOCK;X++) for(Y=0;Y< BLOCK; Y++) { 

addr[X][Y]=Acccss((x< < 1)+X,(y< < l)+Y,oct,sub,Si2e(ctrl->src,channel,0)); 
new[X]rY] = (int)ctrl- > src- > dataIchanncl][z][addrPC][Y]l; 
old[X] [Y] « (int)ctrl- > dst- > datafchannci] [z][addr[X] [ Y]] ; 

} 

} 



/* Fimciion Name: CalcNormais 
* Description: Calculates HVS weighted normals 
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Arguments: Ctrl - compression control record 

Oct, sub, channel - co-ordinates 
Dorms - pre-iniiialised normals 

Returns: weighted normals 



void CalcNonnals(cirl,oct,sub,channel, norms) 



CompCtrl Ctrl; 

int oct, sub, channel; 

double nonns[31; 



{ 

Video vid=ctrl->dst; 

int norm, basc_oct= oct + (vid- > type = = YUV && 
channel! =0?vid- > trans. wavclet.space[0]-vid- > trans. wavclet.spacc[l]:0)H-(sub== 



for(nonn=0;norm<3;norm+-f) { 

if (norm! = 0) normsfnorm] *= Ctrl- > quani^consi; 
normsfnorm] * = 
Ctrl- > basc_factors[base_oct]*(sub= =3?ctrl- > diag_factor: 1 .0); 

if (channel! =0) normsfnorm] ctri- > chrome^faaor; 
normsfnorm] ♦=(doublc)(l< <vid-> precision); 

} 



} 



/ 



Function Name: MakcDecisions 

Description: Decide on new compression mode from block values 
Arguments: old, new, pro - block values 

zero - zero flag for new block 

norms - HVS normals 
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* mode - current compression mode 

* decide - comparison algorithm 

* Returns: new compression mode 
♦/ 

ini MakcDccisions(old,new,pro,zcro,norras,mode,decide) 

Block new, old, pro; 
Boolean zero; 
double nonns[3]; 
im mode, decide; 

{ 

Block zero^block={{0.0},{0,0}}; 

ini new^modc, np=Decidc(Dew,pro,decidc), no=Dccide(ncw,old,dccidc); 

if {np < no Sl& (double)no>DecidcDouble(Dorms[modc-»STILL?l:2], decide) 
&4& !zero) 

new_modc=modc= =STILL 1 1 
(doublc)Dccidc(old,zero_block,decide)< =DecidcDouble(nornis(l],dccide)^^ 
else new^mode = mode == SEND && np<no && 2ero?VOID:STOP; 
remm(new_mode); 

) 

int MakcDccisions2(old,new,pro,lev,2cro.nomis,modc,decide) 

Block new, old, pro, lev; 
Boolean zero; 
double norms[3]; 
ini mode, decide; 



{ 
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Block Mro_block = {{0,0}.{0,0}}; 

int ne w_raode= mode == STILL |! BlockZcro(old)?STILL:SEND, 
Dp = L>ecide(new,pro,decide), DO=Decide(ncw.old,dccidc); 

if (new_mode== STILL) new_mode=np> =no j | zero | j 
BlockZero(lcv)?STOP: STILL; 

else new_raodc=zcro && np< no?VOID:iip> =no | j 
Decision(ncw,old,nonns[2],decide) 1 1 Block2ero(lev)?STOP:SEND; 

rctuni(new_raodc) ; 

} 

/♦ Function Name: UpdatcCocffs 

* I>escriprion: Encode proposed values and write data 

* Arguments: pro, lev, addr - proposed block, levels and addresses 

* 2, channel, oct - co-ordinates 

* Ctrl - compression control record 

* hist - history record 

* Returns: alters Ctrl- > dst- > data[channel][2]IaddrQD] 
•/ 

void UpdaieCoeffs(pro , Ic v . addr ,2, channel,oci, Ctrl , hist) 

Block pro, lev, addr; 
int 2, channel, oct; 
CompCtrl Ctrl; 
Hist hist; 

{ 

im X, Y; 

for(X=0;X<BLOCK;X + +) for(Y=0;Y<BLCX3C;Y+ +) { 
im bits=HuffTnai)(lcv(X][Y]), 
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level = abs(lev(Xl[Y]); 

Ctrl- > dst- > data[channcl][z][addr[X][Y]] =(shon)pro[X][Y]; 

hisi- > coeffllevel > 128?128:level] -f -f ; 

hist- > bits + =bits; 

hist- > octbiisfchannel] [octj + = bits; 

if (Ctrl- > bin^switch) { 

unsigned char *bytes=HuffCodc(lcv[X][Y]); 

bwrite(bytes,bits,cirl- > bfp); 
XlFrec(bytes); 

} 

} 

} 

/* Function Name: SendTrec 

* Description: Encode tree blocks 

* Arguments: prev^modc - conq)ression mode 

* X, y, z, oct, sub, chaimel • co-ordinates 

* Ctrl - compression control record 

* hist - history records 

* empty - token mode 

* branch * tree branch nimiber 
^ Returns: active block indicator 

*/ 

Boolean SendTree(prev_mode,xj,2,oci,sub,channel,ctrl,hist,empty,branch) 

int prcv^mode, x, y, 2, oct, sub, channel, *empty, branch; 
CompCtrl Ctrl; 



Hist hist; 
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{ 

BIcck addx, old, new, pro, lev; 
ini new_mode, X, Y; 
double 

nonns{3] = {ctrl- > quani_const,ctrl- > thrcsh_consi,ctrl- > cmp_const} ; /♦ qiiam, Lhresh, 
compare */ 

Boolean active = False; 

ReadBiock(new,old,addr,x,y.z,oct,sub,clmimel,ctrl); 
if (prcv_mode!=VOID) { 
Boolean zero; 

Ca]cNonnals(ctrl,oct,sub,channel,norms); 

zero = Proposcd(pro,lev,old,ncw,ctrl- > decide, norms); 

/* 

new_modc = MakeDecisions(old,ncw,pro,zero, norms, pirv_mode, Ctrl- > decide);*/ 

new_modc- MakcDccisions2(old,new,pro,lev,2cro,nonm,prcv_modc,crf^ > decide); 
swiich(ncw_modc) { 
case STOP: 

/*SendToken(prev mode = =STimZERO_STILL:BLOCK_SAME,channcl,sub,oct,ctrl,h 
ist,empty»branch);*/ 

ScndToken(prcv_modc== STILL || 
BlockZero(old)?ZERO_STnjL:BLOCK_SAME,channel,sub.oct,ctrI,hist,empty,^ 
break; 
case STILL: 
case SEND: 

active = True; 

/*ScndToken(prev_inode==STILL?NON_2ERO_STILL:BLOCK_CHANGE,channei,sub 
,oct,ctrl,hist,empty,branch);*/ 
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SendTo)ceD(prev_inode== STILL ii 
Blcx:k2£ro(old)?NON_ZERO_STILL:BLOCK_CHANGExh2jinel,sub.oci.ctrl,hist.enipiy, 
branch); 

UpdateCo€ffs(pro,lev,addr.z,chaimel,oci,cirJ,hist); 
break; 
case VOID: 

SendTokeD(ZERO_VTD,channel.sub.oct,ctrl,hist,empty,branch): 

ZcroCoeffs(ctrl- > dst- > data[channel][z],addr); 

break; 

} 

}else{ 

if (BlockZero(old)) ncw_mode-STOP; 
else { 

ZeroCoeffs(ctrl- > dst- > data[channel][z] .addr); 
new_mode = VOID ; 

} 

} 

if (oct>0 && new_mode!=STOP) { 

int rai=OCTAVE_EMPTY, fiiU-FULL; 

Dprintf("x = %d, y=%d, oct=%d sub=%d mode 
%d\D" ,x.y,oct,sub,new_mode); 

for(Y=0;Y<2:Y++)for(X=0;X<2;X++) 

(void)SeDdTree(new_mode,x*2 +X,y*2 + Y,2,oct-l ,sub,chaiinel,ctrl,hist,&mt,X+2*Y): 

if (mt==OCTAVE_EMFrY && new_modc! = VOID) 
SendTokcn(OCr_ZERO,chaimel,sub.oct,ctrl.hist,&fulI,0); 

} 

retum(aciivc); 

} 



/♦ Function Name: SendLPF 
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Description: Encode LPF sub-band 

Arguments: mode - compression mode 
z ' frame number 
Ctrl - compression control record 
hist - history records 

Returns: encodes data 



void SendLPF(raode,2,ctrl,hist) 



CompCtrl Ctrl; 
int mode, z; 
Hist hist; 

{ 

Block new, old, pro, lev, addr; 

int channel, channcls=ctrl->src->typc= =»M0N0?1:3, x, y, full=FULL, 
octs Jam - Ctrl- > src- > trans, wavelet. spacc[0], 

5izc[2] = {Si2c(ctrl->src,0,0)> >ocisJum+l,Sizc(ctrl->src,0,l)> >octsJum+l}; 

for(y=0;y<si2e[l];y+-h) for(x=0;x<size[0];x+-f ) { 
int empty=LPF_EMPTY; 

for(channel=0;channeI<channels;channcl-h+) { 

int octs = Ctrl- > src- > trans. wavelet.space[ctrl- > src- > type= = YUV 
&& channel! =0?1:0], 

new^mode, X, Y, step, value, bits=0; 

double 

norms[3] = {cu"l- > quani_const,ctrl- > thresh_const,cirl- > cmp^consi} ; 



CalcNormals(ctrl,octs-l,0,chajmcKnonns); 
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st£p=nonns[0] < 1.0?1 :(int) norms [0]; 
for(bii5=0. 

value = ((1 < < 8+ctrl- > dst- > precision)- l)/siep; value! =0;bits + + ) 
value = value >> 1; 
ReadBlock(new, old, addr,x,y,2,octs-l ,0,channel, Ctrl); 

/* Proposed */ 

for(X=0;X<BLOCK;X++) for(Y=0;Y<BLOCK;Y++) 

pro[X][Y] =oid[X][Y] +(^iantize(newpq[Y]K)ldra 

/* MakeDecisions */ 

Dew_mcKie=mcKle»»ST]lX?STIIX:Decision(new,old3orTnsP^ | j 

BlockZcro(lcv)?STOP:SEND; 

swiich(new_raode) { 
case SEND: 

SendToken(LPF_NON_ZERO.channci,0.ocis,cni,hist,&cmpty,0); 
UpdatcCocffs(pro , lev, addr,2»channel,ocis ,ctrl ,hist); 

break; 

case STILL: 

for(X=0;X<BLCX:K;X++) for(Y«0:Y<BLOCK;Y+-h) { 

Ctrl- > dst- > data[channeI][z]IaddrPC][Y]] = (shon)pro[X][Y]; 

hist- > bits bits; 

hist- > ocibits[channel][octs] -f =bits; 

if (cirl->bin_switch) { 

unsigned char ♦bytes =CodcInt(levpC][Y], bits); 



bwrite(bytes,bits,ctrl- > bfp); 
XtFree(bytes); 

} 
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) 

break; 
case STOP: • 

SendToken(LPF_ZERO,chamel.0,ocis,cirl,hist,&empty,0); 
break; 

} 

} 

if (mode! = STILL && empty* =LPF_EMPTY) 
SendTokeD(LPF_LOC_ZERO,chaimel,0.octs_lum,ctrI,hist,&ftjll,0); 

} 

hist- >lpf=hist-> bits; 

} 

/* Function Name: LookAhead 

* Description: Examine base of tree to calculate new quantizer value 

* Arguments: z - frame number 

* Ctrl - compression control record 

* hist - history records 

* Reruras: calculates new Ctrl- > quant^const 
*/ 

void LookAhcad(z,ctrl.hist) 

CompCtrl Ctrl; 
int z; 
Hist hist; 



{ 



int X. y, sub, index, ihreshlHISTO], decide =ctrl-> decide, act, 
taract =Fcedback(hist,z.ctrl- > feedback), 
octs = Ctrl- > src- > trans . wavelet . space [0] , 
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si2e(2] = {Si2e{ctrlOsrc,0,0)> > 1 +ocis,Si2e{ctrl->src,0,l)> > l-hoct5}; 
Block new, old, addr; 
double old_quant=ctrl- > quaiu^const; 

Ctrl- > quant_consi= 1 ,0; 

for(mdcx=0; index < HlSTO;mdcx + + ) ihresh[index] =0; 
for(y=0;y<size[l];y + -h) for(x=0;x<si2e[01;x + +) 
for(sub=l;sub<4;sub++) { 

double q_lhrcsh(3], 
nonns[3] = {ctrl- > quant_const,ctrl- > lhresh_const,ctrl- > cmp_const} ; 
Block 2cro_block={{0.0}.{0,0}}; 

Rca<iBlock(new,old;addr,x,y,z,octs-l,sub,0,ctrl); 
CalcNormaJs(ctrl,ocis-l,sub,0,noniis); 

q_lhrcsh[ 1 ] = (doublc)Dec ide(nc w ,2ero_block,decide)/DecideDoublc<D0rms[ 1 ] ,decidc) ; 

q_ihresh[2]=(doubk)Dccidc(new,old,decide)/DecideDoublc(norms[2],dcci^^^ 
if (BlockZcro(oId)) q_thrcsh(0] ==q^thresh[ 1] ; 
else q_thrcsh[0] =q_ihrcsh(2] < q_threshll]?q_thrcsh[21:q_thresh(l]; 
if (Ctrl- > decide = = SIGSQR) q_thrcsh[0] = sqn(q_lhrcsh[0]); 

index ^ (int)((q_thrcsh[0]-old juani + H1ST0_DELTA)*HIST0/(HIST0_DELTA*2)); 

index = index < 0?0:indcx > HIST0-17HIST0-1 :indcx; 
thrcsh[indcx] + + ; 

> 

for(index=HISTO-l, act=0;index> =0 && act <taract; index-) 
act-i- = thresb[mdex]; 



ctrl->quant_const=(double)(index + l)*HISTO_DELTA*2.0/fflSTO+old_quani-fflSTO_ 
DELTA; 

cirl- > quant const=ctrl- > quani_const < O.0?0.0:ctrl- > quant_const; 



wo 94/23385 ' PCT/GB94/006T7 

- 208 - 

Dpriiiif( 'Target bits %d act %d (real %d) adjust q_consi to 
% 3 . 2 fkO" .hist{ z) . target, mact.act.ctrl- > quani_const) ; 

hist(z].q_const=cirl- > quaiit_consi; 

ctrl->quant_const=Filter(hist,z,ctrl-> fecdback.ctrl-> filter); 
DprinifC'Post filtering q_const to %3.2An",ctrl->quant_const); 
if (Ctrl- > biii_switch) { 

unsigned char *bytfiS=CodeInt(indcx+l-HISTO/2,HISTO_BITS); 

bwrite(bytes,HISTO_BITS,ctrl- > bfip); 
XiFrce(bytcs); 

} 

} 

/♦ Function Name: CompressStats 

* Description: Compile compression statistics 

* Aigumcnts: Ctrl - compression control record 

♦ hist - history records 

♦ Returns: plot graphs 

void CoropressStats(ctrl,hist) 

CompCtrl Ctrl; 
Hist hist; 

{ 

FILE ♦fpjoken, *fp_cocff, *fp_log, ♦fopcnQ; 

char filc_name[STRLEN]; 

int channel, z, i, sigma; 



sprimf(file_name, " % s %%l % s . token% s\0" .global- > home ,PLOT_Dm.cirl- > siais_name,P 
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LOT_EXD: 

fp token = fopen(file_name,"w"); 

sprmtf(file_name/ %s%s/%sxo€ff %s\0^global- > home,PLOT_DlR.ctrI- > suts_name,PL 

OT_EXT); 

fp cocff=fopcn(filc_namc,"w''); 

sp^intf(fUe_Ilame/TcS%s/%sJog%s\0^global->home,PLOT_DIR,Cl^lOsulS_name,P 

T_EXT); 

tp Jog = fopen(file_name, "w"); 
fpriiitf(fp_tokcn, "\"Tokens %s\n".ctrl- > name); 
for(i=0;i<TOKENS;i++){ 
sigmasQ; 

for(z =0;2 < Ctrl- > src- > size[2] ;2 + + ) sigma + = hist[2] tokenli]; 
fi5rintf(fip_tokcn,"%d %d\n",i,signia); 

} 

fprintf(fp_coeff, "\"Cocffs %s\n",ctrl- > name); 
for(i=0;i<l29;i++){ 
sigma =0; 

for(z=0;z< Ctrl- > src- >sizeI2];2++) sigma+ = hist[z].coeffIQ; 
fi3rmtf(fp_cocff,"%d %d\n",i,sigma); 

} 

for(i=0;i<5;i++){ 

String utles[5] = {"trcebits"."aaivity*,"quant", "bits". "ratio"}; 



fprintf(fp_log, "\n\" %s\n" ,tities[i]); 
for(2=0;2< Ctrl- > src- > size[2];z + +) 

switch(i) { 

case 0: fprintf(fpJog."%d %d\n",z,histlz].bjts-hist(2l.lp0; 
break; 

case 1: fprintf(fi3_log,"%d %d\n",z,hist[zl.activity); 
break; 
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case 2: ^rinrf(fpJog."%d %r.n".2,hisi[z].q_consi); 
break; 

case 3: fiprmtf(fpJog,"7cd %d\n",z,hist[z].bits); 
break: 

case 4: fprintf(fipJog,"%d 
%f\n".z,(doubIe)(hisi(z].bits-(z==0?hist(z].lpf:0))/(double)hist(z].activity); 

break; 

} 

} 

for(channel =0;channcl < (ctrl- > src- > type= = M0N0?1 :3);channel+ +) { 

int ocis = Ctrl- > src- > trans . wavelet. space[ctrl- > src- > type = = YUV 
&& channel! =0? 1:0]; 

for(i=0,i<=octs;i++) { 

fprintf(fp_log,"\n\"channei %d oct %d\n", channel,!); 
for(z = 0;2 < Ctrl- > src- > si2e[2] ;z ++ ) 

fprintf(fpJog," %d %d\n".z,hist[z].octbits[channcl](il); 

) 
} 

fclose(iip_token); fclose(fp_coeff); fclose(fipjog); 



/* Function Name: CopyFrame 

* Description: Copy frame or zero 

* Arguments: vid - video 

* from, to - source and destination frame numbers 

* zero - zero out flag 

* Returns: alters video- > data 
♦/ 



void CopyFrame(vid,from,to.zero) 
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Video vid; 

int from, to; 

Boolean zero; 

{ 

ini i, channel; 

for(channeI =0;chaBnel < (vid- > type = = M0N071 :3);chanDcl 4- +) { 
int size » Sizc(vid,channcl,0)*Si2e(vid,channel, 1); 

for(i=0;i<size;i++) 

vid- > data[channel][to](i] =2ero?0:vid- > data[channcl][fromj[i]; 

} 

} 

/♦ Function Name: ComprcssFramc 

* Description: Compress a Frame 

* Arguments: ctri - compression control record 
^ z - frame number 

* hist - history records 

* target - target bits 
*/ 

void CompressFrame(ctrUz,hist,targct) 

CompCu-l Ctrl; 
int z, target; 
Hist hist; 



{ 

Video src=ctrl->src, dsi=ctrl.>dst; 

int sub, channel, x, y, mode = Ctrl- >siill vid 1 1 z= =0?STILL:SEND, 
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octs_lum = src- > trans. wavelet. spacefO], 
sizc[2] = {Si2c(sn:,0,0)> > 1 +octsJuni,Sizc(src.0.1)> > 1 +octs_luin}; 
NewFranie(dsi,z); 

CopyFrame(dst,2- 1, Z.Ctrl- >stillvid !| z==0); 

GetFraine(src,z); 

histfz]. target = target; 

if (z! =0 && Ctrl- > auto^q) LookAhead(z,cirl,hist); 
ScndLPF(modc,z.ctrl.&histIz]); 
Dprintf("LPFbits %d\n",hist[z].lpf); 
hisi(z] . q_consi = Ctrl- > quant_const; 
for(y=0;y<size[l];y++) for(x=0;x<si2e[0];x+-K) { 
in! empty=EMPTY, fiill=FULL; 

for(channel=0;chaimel < (dst- > type = = MONO?l :3);channcI-»- +) { 

int octs=src-> trans. wavelet. space (src-> type ==YUV &&. 

chanDcJ!=0?l.-0); 

for(sub=l;sub<4;sub++) { 
Boolean 

active=SendTree(mode,x,y,z,octs-l,sub,chaimcl;ctrl,&hist[z],«S:cmpty,0); 

hist[z].activity+=channel = =0 && active; 

} 

switch(empty) { 
case P^ULL: 

empty = CHANNEL_EMPTY; 

break; 

case CHANNEL_EMPTY: 

SendToken(CHANNEL_ZERO,channcl,sub,octs-l ,ctrl,&hist(z] ,&ftill,0) 
break; 
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} 

} 

if (empty = = EMPTY) 
SendToken(LOCAL_ZERO,chamieJ,sub,ocis_liini-l,ctrl,&hjsi(z].&fuU.O); 

} 

Dprintf ( " Acii vity : % d\n ".hi sx[z] . activity) ; 
FreeFramc(src,z); 

} 

/* Fimciion Name: SkipFrame 

* Description: Shuffle frame data as if cunent frame was skipped 

* Arguments: vid - video 

* z - frame number 

* Returns: alters vid- > data 
♦/ 

void SkipFrame(vid,z) 

Video vid; 
int z; 

{ 

NcwFrame(vid,z); 
CopyFrame(vid,z-l,z,Falsc); 

if(2>l){ 

GctFramc(vid,z-2); 
CopyFrarae(vid,z-2,z-l ,Falsc); 
FreeFrame(vid,z-2) ; 

} 

} 



/* Function Name: CompressCtrl 
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* Description: Perfonn KLICS on a video 

* Arguments: w - Xaw widget 

* closure * compression control record 

caJl^daia - NULL 

* Returns: compressed video 
*/ 

void CompressCtrl(w,closure,call_data) 

Widget w; 

caddr_t closure, call^daia; 

{ 

CompCtrl ctrI=(GompCtrl)closure; 

int sigma bits, framc_count, 2, i, buffer=0, frames=ctrl->src->si2e[2], 
bpf_in=(64000*ctrl- > bitrate)/ctrl- > src- > rate. 
bpf_out = (mt)((double)(64000*ctrl- > bitratc)/ctrl- > fps); 

FILE •fopenO; 

char filc_namc(STRLEN]; 

HisiRec histf frames]; 

Message msg = Ne wMessage(NULL, 60) ; 

insg- >rows= frames > 10711 : frames +(fTames= = 1?0:1); msg->cols=30; 
if (global- > batch = = NULL) { 

XtCallbackRec callbacksD={ 

{CloseMessage,(caddr_t)msg) , {NULL,NULL} , 

}: 



MessageWindow(FindWidget("fnn_comprcss".w).msg,"KLICS".True,callbacks): 
} 

Dprintf{"ComprcssCtrI\n"); 
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if (Ctrl- >sn;-> type = = YUV && 
(Ctrl- > src- > trans, wavelet, space [0] != Ctrl- > src- > trans. waveJet.space[l] +ctrl- > src- > U 
Vsainple[0] j| Ctrl- > src- > UVsampieIO]!= Ctrl- > src- > UVsamplcfl])) { 

EprTBif("Y-UV octaves ihis-matched. Check UV-sample"); 

return: 

} 

Ctrl- > dsi = CopyHeader(ctrl- > src); 
strcpy(ctrl- > dst- > name, Ctrl- > name); 
if (Ctrl- > d5t- > disk) SaveHeader(ctrl- > dst); 
if (Ctrl- > bin switch) { 



sprintf(file_namc, " %s %s/ %s%s\0* ,global- > home,KLICS__DIR,ctrI- > bin name,KLICS 
EXT); 

Ctrl- > bfp=bopen(fiIe_name,"w"); 
/♦ Write some son of header ♦/ 
WriteK]icsHcader(ctrl); 

} 

for(z=0;z< frames;! ++) { 
hist[z].bits=0; 
hist[z].lpf=0; 
hisi[z]. activity =0; 
hist[z]. target =0; 

for(i^0;i<5;i++)hist[z].octbits{01[i]=0; 
for(i=0;i<5;i+-h) hist[z].ocibit5(l][i]=0; 
for(i-0;i<5;i++) hist[2].octbits[2][i]=:0; 
for(i=0;i<TOKENS;i+ +) hist[2).token[i]=0; 
for(i=0;i<129;i++) hist(2].coeffli]=0; 
hist[2].(Lconst=0.0; 

} 

for(z=0;z<frames;z-h+) { 

if (2 = =0 1 1 !ctrl- > buf^switch) { 

CorapressFrame(ctrU2,hist,bpf_oui); 
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buffer = 3200"ctrl- > biirate + bpf_m; 

} else { 

Boolean no_skip; 

buffer- =bpf_m; 

buffer = buffer < 0?0:buffer; 

no_skip=buffer<6400»ctrl->bitrate; /• H.261 buffer size */ 
if (Ctrl- > bin_switch) bwriie(&no_skip,l ,ctrl- > bfp); 
if (no_sldp) { 

CompressFrame(ctrl,z,hist,bpf_out/*+bpf_out/2-buffer*/); 
buffer +=hist[zl. bits; 
} else SkipFrame(ctrl->dst,2); 

} 

if (z>0) { 

SavcFrame(ctrl- > dst,z-l); 
Fre«Framc(ctrl- > dst,2-l); 

} 

Mprintf(nisg,"%s%03d: %d 
bits\D",ctrl- > dst- > name.z+ctrl- > sic- > stan,hist[2].bits); 
Mflush(msg); 

} 

SaveFrame(ctrl- > dst,ctrl- > src- > sizeI2]-l); 

FrceFramc(ctrl- > dst,ctrl- > src- > si2e(2]-l); 

if (ctrl->bin_ywiich) { bflush(ctrl->bfp): bclose(ctrl- > bfjp); } 

if (Ctrl- > stats_switch) ComprcssStats(ctrl,hist); 

Dprintf("Comprtssion Cotnplete\n"); 

sigma_bits=0, framc_count=0; 

for(z=0;z< Ctrl- > src- >size[2];z-!-+) { 

sigma_bits-l- =hist(2].biis; 

if (hist[z].bits! =0) frame_count+ -i-; 

} 

if (Ctrl- > buf_switch) { 
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Dpriiitf("Buffcr contains %d bits\n",buffer-bpf_in); 
DprintfC Frame Rate %4.1f 
H2\n".(double)(ctrl- > src- > rate*(frame_couBt-l))/(double)(ctrl- > src- > si2e[2]-l)); 

} 

if (frames >1) { 

Mprintf(msg, "Total: %d bits\n",sigma_bits); 

Mflusb(msg); 

} 

Ctrl- > dst- > next = global- > videos; 
global- > videos =ctrl- > dst; 

} 

/♦ Function Name: BatchCompCtrl 

* Description: Batch interface to ComprcssCtrl 
*/ 

void BatchCompCtrl(w,closure,call_data) 

Widget w; 

caddr_t closure, call_data; 

{ 

CompCtrl ctrl=(CompCtrl)closure; 

if (Ctrl- > STC = = NULL) Ctrl- > src = Find Video(ctrl- > src_name,global- > videos); 
CompressCtrl(w,closure,call_data); 

} 

/* Function Name: InitCompCtrl 

* Description: Initialise the compression control record 

* Arguments: name - name of the source video 

* . Returns: compression control record 
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CompCtrl InitCompCtrl(name) 

String name; 

{ 

CompCtrl Ctrl = (CorapCtrl)MALLOC(si2eof(CompCirlRec)); 
int i; 

Ctrl- > decide = SIGABS; 
Ctrl- > feedback =4; 
Ctrl- > filter =0; 
Ctrl- > siillvid=Tnjc; 
Ctrl- > stats_switch= False; 
Ctrl- > auto_q=Truc; 
Ctrl- > buf_switch=True; 
Ctrl- > bin_s witch = False; 
Ctrl- > cmp_const =0.9; 
Ctrl- > thresh^const =0.6; 
Ctrl- > quant_consi= 8,0; 
Ctrl- >fps= 30.0; 
ctrl->bitrate=l; 
for(i=0;i<5;i++){ 

double defaults[5] = { 1 .0,0.32,0, 16,0. 16,0, 16} ; 

Ctrl- > basc_factors[i] =defaulis[i]; 

} 

Ctrl- >diag_facior= 1.4142136; 
Ctrl- > chrome_factor=2.0; 
sircpy(ctrl- > src_naine,name): 
strcpy(ctrl-> name,namc); 
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strq)y(ctrl- > stais^namcname); 
stn:py(ctrl- > bin_imnc,iiamc); 
rerun}(ctrl); 

} 

/* Fimciion Name: Compress 
♦ Description: X Interface to CompressCtrl 
*/ 

#define COMPJCONS 25 
#defme VIDJCONS 15 

void Compress(w,c]osxirc,call_data) 

Widget w; 

caddrj closure, call_data; 

{ 

Video video =(Video)closurc; 

CompCtrl Ctrl = InitCompCtrl(video- > name); 

ini i, spacc=video-> trans. wavelet.space[0] + l; 

Numlnput num^inputs = (NumInput)MALLOC(2*si2eof(NujnInputRec)); 

Floailnput flt^inputs = (FloatInpui)MALLOC(6*si2eof(FloatInputRcc)), 

oct_inpuis = (FloaiInput)MALLOC(space*si2eof(FloatInputRcc)); 

Message nisg = NewMessage(ctrl- > name,NAME_LEN), 

msg_bin= NewMcssagc(ctrl- > bin_name,NAME_LEN), 
msg^siais = NewMessage(ctrl- > stats_name,NAME_LEN); 
XiCallbackRec destroy_call[] = { 
{Frce,(caddrj)ctrl}, 
{ Free , (caddr J)niim_inputs} , 
{Free, (caddrj)flt_inputs} , 



rffnrTtTMrr currr rot m rr ocn 
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{ Free , (caddr_l)oct_inpuis } , 
{ CloseMessage , (caddi j)msg} , 
{CloseMc5sagc,(caddr_i)ra5g_bin} . 
{CloseMessage,(caddrj)msg_siats} , 
{NULL,NULL), 

}; 

Widget parent = FindWidget( "frmcompress " ,XtPareni(w)), 

shell = ShellWidget("kJics",parent,SW_below,NULL,destroy_call). 
form = FonnatWidgct("k]ics_fonn" .shell). 

dec_shell = SheilWidget("klics_cng_dec" ,shcll,SW_menu,NULL,NULL), dec_widgets(3], 

filt_shell = ShellWidget("klics_cng_filt" ,shcU,SW_menu.>aJLL.NULL), fi]t_widgctsl2], 
widgetsICOMPJCONS], vid_widgcts[VID_lCONSl, 

oct_widgcts(space*21 ; 

Formliem itcmsD = { 

{ 'klicscancel" , "cancel" ,0,O.FW_icon,NULL} . 
{ "klics_confinn" . "confirm" , 1 .0,FWJcon.NULL} . 
{"Jdicsjitlc". "Compress a video", 2.0,FW_label.NULL}. 
{"k]ics_vid_lab". "Video Name:".0.3.FW_labcl,NULL}. 
{ "k]ics_vid " .NULL,4 .3 .FWtext, (String)msg} . 

{ "klics_st2ts_lab" . "Statistics: " ,0.4 .FW Jabcl.NULL} , 

{"kIics_siats".NULL.4.4.FW_yn,(String)&ctrl- > stais_swiich}, 

{"klics_stats_namc",NULL,7,4,FW_texi,(String)msg_stais}, 

{ "klics^binjab" , 'KUCS File: ",0.6.FW_label,NULL} . 

{ "ldics_bin",NULL,4,6.FW_yn,(String)&cirl- > bin_switch}. 

{ "ldics_bin_narac".NULL. 10.6,FWjext,(String)msg_bin}, 
{ "klics_decjab" . "Decision: ".O.P.FWJabcl, NULL} , 
{ "k]ics_dec_btn" , "SigraaAbs" ,4,9,FW_button, "klics_cng_dec"} . 
{ "klics_qn_noat " .NULL,0. 12 ,FW_noat,(String)&flt_inputs(01 } . 
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{ "k]ics_qn_scroll .]^_scroll.(String)&nt_mputs(0] } . 

{ "k]ics_th_fk)at",NULL,0. 14.FW_float,(String)&fli_inpuis(ll}, 
{ "k]ics_ih_scroir.NULL,4 , ]4 ,FW_scroll,{String)&nt_mput5[l]} , 
{ ■'klics_cm_noat",NULL,0, 16,FW_noat,(Striiig)&nt_mputs(2J} , 
{ " ldics_cm_scroll " ,NULL,4 ,16, FWscroll , (S tring)&nt_inputs(2] } , 
{ "klics_ch_noat\>nJlX,0 J 8,FW_noat,(String)&nt_inputs[31}, 

{ "k]ics_ch_scroll " ,NULL.4 , 1 8.FW_scron. (String)&flt_mputs[3]} , 
{"klics_di_float^NULL.0,20.FW_float,(String)&nt_inputs[4]}, 
{ "k]ics_di_scroir .NULL.4,20,FW_scroll,(Sirmg)&flt_inputs[4J} , 
{ ••klics_oct_fonxi " .NULL,0,22,FW_fonn,NULL} , 
{"klics_vid_fonn".NULL,0,24,FW_fonn,NULL}, 
}, vid_itcmsQ«={ 

{ "klicsjc Jab" , "Image Comp: " .O.O.FWJabeUNULL} , 

{ "klics_ic " .NULL. 1 ,0.FW_yn.(String)&ctrl- > still vid}, 

{"ldk:sjg_noat\NULL,0,l,FW_noat,(String)&nt_mputs[5]}, 

{"klicsjg_scroU",mnJ-,l,l,FW_scroll,(String)&nt_inputs(5]}, 

{"ldicsj)x_iiU",haJIX,0,3,FW_integer,(String)&num_ii^uts[0)}, 

{ "kJics _px_down" .NULL. 1 .3 ,FW_down.(String)&num_mpuis[0] } , 
{ "klics j)X_up",NULL.6,3,FW_up,(String)&nuin_mputs{0]}, 
{ "k]ics_autoJab' , 'Auto Quam: " ,0,5 .FWJabel.NULL} , 
{ "klics_auto",NULL,l .5,FW_yn,(String)&ctrl- > autoq}, 
{'k]ics_bufjab", "Buffer: ",0,8,FW_label,NULL}, 

{ "klics_bur.NULL, 1 ,8.FW_^n.(String)&ctrl- > bufswiich}, 
{ "klics_buf_btn","Nonc", 1 l,8,FW_bunon, "klics_cng_filt"}, 
{ "klics_hs_int".NULL.0, 10,FW_integcr, (String)&nuin_inputs( 1 ]} . 
{ "kIics_hs_down" .NULL, 1 .10.FW_down.(String)&numjnputs[l] } , 
{ "klics_hs_up".NULL, 14, 10.FW_up,(Siring)&nuin_inputs[l]}, 
}, oct_iteins[2*spaceJ; 
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Mcnultcm dec_mcnun = { 

{ "kJics_dec_max" .smeBSBObjectClass, "Maximum" .NULL} . 
{ "kJics_dec_abs" .smeBSBObjectClass. "SigmaAbs" .NULL}, 
{"k]ics_dec_sqr",smcBSBObjectClass,"SigmaSqr".NULL}. 

}. nii_menu[] = { 

{"k]ics_rilt_noQe",smeBSBObjectClass."None".NULL), 
{ "kJics_nit_cxp" .smeBSBObjectClass, "Exp" .NULL} , 

}; 

XtCallbackRec callbacksQ = { 
{Destroy ,(caddr_t)shell} , 
{NULL,NULL}, 
{CompressCtrl, (caddr_t)cirl} , 
{Destroy ,(caddr_t)sbell} . 
{NULL,NULL}. 

{ChangeyN.(caddr_t)&ctrl-> suts_switch}, {NULL,NULL}, 
{ChangeYN,(caddr_t)&ctrl->bm_switch}, {NULL.NULL}, 
{noaUncDec,(caddrj)«feflt_inputslO]}, {NULL.NULL}, 
{FloailiicDec,(caddr_t)&nt_iDpuis(ll}. {NULL.NULL}. 
{FloatlLcDcc.(caddrj)&flt_inputs(2]}, {NULL.NULL}. 
{noatIncDcc,(caddrj)&flt_inputs(3]} , {NULL,NULL} , 
{FloailncDec ,(caddrj)&flt_inpuis(4]) , {NULL,NULL} , 

}, vid_calin={ 

{ChangeyN.(caddi_t)&ctrl- > stUlvid}, {NULL,NULL}. 
{FloadncDec,(caddr_t)&flt_inputs(5]}, {NULL.NULL}. 
{NumIncDec,(caddr_t)&num_mputs[0]} , {NULL.NULL} , 
{NumIncDec,(caddrj)&numJnpuis[0)} , {NULL.NULL} , 
{Change YN,(caddr_t)&ctrl- > auio_q} , {NULL.NULL} , 
{Change YN.(caddr_t)&ctrl- > buf_switch}, {NULL,NULL}, 
{ NuralncDec , (caddr_t)&nimi_mpuis[ 1 J } , {NULL, NULL} , 
{NumIncDcc.(caddr_t)&numJnputs[ll}. {NULL.NULL}. 

}, dec_caIlD = { 

{SimpleMenu,(caddr_t)&ctrl- > decide}, {NULL,NULL}. 



wo 94/23385 



PCT/GB94/00tf77 



- 223 - 

{SimpleMenu,(caddr_t)«&ctrl-> decide}. {NULL.NULL}. 
{SimpleMenu,(caddr_t)&cirl- > decide} . {NULL,NULL} . 

}. filt_cailO = { 

{SimpieMenu,(caddr_t)&ctrl-> fiJter}. {NULUNULL}, 

{SimpleMenu,(caddr_t)&cirl- > filter} , {NULL,NULL}, 
}. oct_call[2*spacc]: 
XFoniSmact *foDt; 
Arg args[l]; 

msg- > rows = 1 ; msg- > cols = NAME_LEN; 
rasg_siats->rows=l; msg_stats->cols=NAME_LEN; 
msg bin->rows=l; insg_bin->cols=NAME_LEN; 
Ctrl- > src s= (Video)closure; 

flt_inputs[01. formats "Quant: %4.ir; 
fltmputs[0].inax= 10; 
flt_inputs[0].niin=0; 

flt_inputs{0].value= «Sxtri- > quant_coiist; 

nt_inpuis[ll.fonnat= "Thresh: %4.ir; 
nt_inputs(l].inax= 10; 
nt_inputs[l].inin=0; 

nt_inputs[l].value= &ctrl- > lhresh_const; 

nt_ii^ts(2].fonnat«="Conip: %4.ir: 

ntjnputs[21.max= 10; 

fltjnputs(21.inin=0; 

fli_inputs[21. value = &ctrl->cmp_const; 

flt_inputs(3).fonnat= "Chrome: %4.ir; 
nt_ii^uts[3 J . max = 5 ; 
flt_ii^uts(3].min=l; 
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fit input5(3]. value = &ctrl- > chrcmc^factor; 

nt_inpuis[4].forniai="Diag: %4.ir; 
fll_inpuis[4] . max =2.0; 
flt_inputs[4].inin= 1.0; 
flt_inpuis[4].valuc= &ctrl- > diag_factor; 

fli_inpuis[5]. format = "Target: %4.ir; 
flt_inpuis[5] .max = 30.0; 
fli_inpuis[5].min= 10.0; 
f]t_mputs[5] , value = &ctrl- > fps; 

num_ii^)uis[01. format ««"px64k: %ld"; 
num^inpu t5 [0] . max = 8 ; 
num_mputs[0] .min= 1 ; 
num_inputs[0] . value = &cirl- > bitratc; 

num_inpuis[ 1]. format = "History: %ld"; 
num_inputs( 1 ] . max = 8; 
num_inputs( 1 ] .min = I ; 
num_Lnputs[l]. value = &ctrl- > feedback; 

for(i=0;i<space;i++) { 

String format=(char *)MALLOC(20); 

if (i:==rO) sprintf(format/Octave LPF: %%4.2r); 
else sprinif(fofTnat/Octave %3d: %%4.2r,space-i-l); 
oct_mputs(i].format= format; 
oct_inputs[i] .max = 1 .0; 
oct inputs [ i] . m in = 0 . 0; 

octJnpuis[i]. valuer &cU'l-> base_factors(space-i-l]; 
oct^items (2 ♦ i] . name = " klics_oct_float " ; 
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octjiems (2 * i] . contcnis = NULL; 
oci_itcms(2*i] .ftooiHoriz = 0; 
oci_iicnis[2*i].fromycn=i= =0?0:2*i-l; 
ocijiems [2 *i] . type = FW_float; 
oct_iiems [2 * i] .hook = (Siring)&oci_inpuis(i] ; 
oct items[2*i + l).name = "klics_oct_scroH"; 
octJtems(2*i + 1 ] .contents = NULL; 
oct_uems(2*i + 1] .fromHoriz = I ; 
octJtems[2*i+ l].fromVcn«i= =0?0:2*i-l; 
oct_iiems[2*i + 1] type = FW_scroll; 
oci_iieins(2 *i + 1 ] .hook = (String)&oct_inputs[n ; 
oct_call(2*il .callback = FloadncDec; 
oct_call(2*i).closuie=(String)&oct_inputs[i]; 
oct_call(2*i+ U.callback-NULL; 
'oct_cailI2*i+ l].closurc=NULL; 

} 

FillFonn(fonn,COMPJCONS-(video- >si2e[2] > l?0:l),iienis,widgcts,caIlbacks); 
FilIForm(widgets[23].2*space,oct_items.oct_widgets,oct_call); 
FillMenu(dec_sheU,THREE,dec_menu,dec_widgets,dec_caU); 
font = FindFont(widgets( 12]); 

XtSctArg(arg5[0],XtNwidth,2+TcxiWidth(0/Maximum\nSigmaAbs\nSigmaSqr",font)): 

XtSciValues(widgcts( 12] .args.ONE); 

if (video- >si2c|2)>l) { 

FillFonn(widgets[24],VID_ICONS,vid_items,vid_widgets,vid_caJI); 

FillMenu(filt_shell,TWO,filt_nicnu,rilt_widgets,filt_caU); 
font = FindFont(vid_widgcts[ 11]); 

XtSetArg(args[0],XtNwidth,2+TextWidth(0,"None\nExp",font)); 
XtSeiValues(vid_widgets(l 1] .args.ONE); 

} 

XtPopup(shell,XtGrabExclusive); 

} 
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source/KlicsSA.c 



/♦ 

Full siill/video Knowles-Lcwis Image Compression System uiilismg HVS 
propcnies 

and delia-uee coding 

Stand-Alone version uses fixed image format and static data structures 

*/ 

#include "KlicsSA.h" 
^include < matb.b > 

extern void ConvclvcO; 

/* useful X definitions ♦/ 

tjpedcf char Boolean; 

#defme True 1 

^define False 0 

#derme String char* 

/* token modes (empty) ♦/ 

^define EMPTY 0 

^define CHANNEL^EMPTY 1 

#define OCTAVE^EMPTY 2 

#define LPF^EMPTY 3 

#defme FULL 4 

/* Function Name: AccessSA 

* Description: Find index address from co-ordinates 

* Arguments: x, y - (x,y) co-ordinates 
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• oci, sub, channel - octave, sub-band and channel co-ordinaies 

• Remras: index into data (channel] Q [index] 
•/ 

int AccessSA(x,y,oct,sub,channel) 
int X, y, ocl, sub, channel; 



{ 



retuni(((x< < l) + (sub> > l)+(SA_WlDTH> >(channel= =0?0:l))*((y < < l)+(l&sub) 

))< <oct): 

} 

/♦ Funciion Name: DccideSA 

♦ Description: Calculate value representing the difference between new and old 
blocks 

♦ Arguments: new, old - blocks to compare 

♦ Rcmms: difference value 



int DecideSA(new,old) 



Block new, old; 



{ 

int X, y. sigma=0; 

fGr(X =0;X < BLOCK;X + +) for(Y=0; Y < BLOCK;Y+ +) 

sigma+ =abs(new[X][Y]-oldlX][Yl): 
retum(sigma); 

} 
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/* Function Name: DecideDoubleSA 

♦ Description: Calculates nonnaJ w.r.i differencing algorithm 

♦ Arguments: norm - normal value 

♦ Rerums: new normal value 
♦/ 

double E>ecideDoubleSA(nonn) 
double norm; 

{ 

remni(4.0*nonn); 

} 

Boolean Decisions A(new , old , norm) 



Block new, old; 
double Dorro; 

{ 

rcmni((doublc)DecidcSA(ncw.old) < = DecideDoubleSA(norm));- 

} 



/* Function Name: HufftnanSA 

* Description: Calculates the number of bits for the Huffman code representing 
level 

♦ Arguments: level - level to be encoded 

» Returns: nimiber of bits in codeword 
*/ 



int HuffmanSA(level) 
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ini 



level; 



rerum(level=:=0?2:(abs(level)<3?3:l+abs(level))); 

} 

/♦ Function Name: HuffCodcSA 

* Descripiion: Generates Huffman code representing level 

* Arguments: level - level to be encoded 

* Returns: coded bits in char's 



unsigned char ♦bytes = (unsigned char *)MALLOC((7+Hufftnan(ievel))/8); 

bytes[0] = (abs(level) < 3?abs(levcl):3) | (level < 0?4 :0); 
if (abs(level)>2) { 

int index = (7 + Hufftnan(le vel))/8- 1 ; 

bytcs[indcx]=bytcs[indcx] | (1< < (Huffman(lcvcl)-1)%8); 



unsigned char *HuffCodcSA(Ievel) 



ini 



level; 



retum(byies); 



unsigned char ♦CodeIntSA(nurabcr,bits) 



int 



number, bits; 
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{ 

int len=(7+bits)/8; 

unsigned char '6x165 = (unsigned char *)MALLOC(kn); 
int byie; 

for(byte=0;byte<len;byte+ + ) { 
bytesfbytc) = Oxff &number; 
number = number > >8; 

} 

retum(byies); 

} 

int ReadIntSA(bits,bfp) 

int bits; 
Bits bfp; 

{ 

int lcn=(7+bits)/8; 
unsigned char bytes[leDl; 
int byte, number=0; 

bread(bytes,bits,b^); 
for(byte=0;byte < lcn;bytc+ +) 

number = number | ((int)bytes[byte] < < byte*8); 
number = (number < <si2eof(int)»8-bits)> > si2eof(int)*8-bits; 
renjm(numbcr); 

} 



/* 



Function Name: HuffRcadSA 

Description: Read Huffman encoded number from binary file 
Argimienis: bfp - binary file pointer 
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* Rerums: decoded level 

mt HuffReadSA(bfp) 

Bits bfp; 

{ 

int value; 

unsigned char byte; 
Boolean negative = False; 

brtad(&byte,2,bfip); 
value =(int)byte; 
if (byte= = 'XO') remni(0); 
else { 

brcad(&byte,l,bfip); 
negative = (byte! = '\0*); 

} 

if (value < 3) retuni(ncgif(ncgative,value)); 

for(byte = '\0';byic= =*\0';value++) brcad(&byte,l,bfip); 

retorn(Degif(negative,value-l)); 

) 

/* Function Name: QuantizcSA 

* Description: RMS style quantizer 

* Arguments: data - unquantiscd nimiber 

* q - quantizing divisor 

* level * quantised to level 

* Returns: quantized data & level 
*/ 
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ini Qu^izeSA(clata,q, level) 
ini daia, q, *levcl; 

{ 

int magpie vel = abs(data)/q; 
♦level = negif(data < 0,mag Jevel); 

retum(Degif(data<0,magJevel*q + (raagJevcl!=0?(q-l)> > 1:0))); 



} 



/ 



FuDCiion Name: ProposedSA 

Description: CaJoxlates proposed block values 

Arguments: pro - proposed block 

lev - proposed block quantized levels 
old, new - old and new block values 
norms • HVS normals 

Returns: ncw = =0, proposed values (pro) and levels (lev) 



Boolean ProposedSA(pro,lev,old,Dew,norms) 

Block pro, lev. old, new; 
double nonns[3]; 

{ 

Block zero^block={{0.0},{0,0}}; 

int X, Y, stcp= norms[OJ < 1 .0?! :(int)nonns[0]; 

Boolean zero = DecisionSA(new,zero_block,norms(ll); 



for(X =0;X < BLOCK;X + +) for(Y =0; Y < BLOCK; Y + + ) 



wo 54/23385 



PCT/GB94/006T7 



- 233 - 

pro[X)[Y] = 2ero?0:old(X][Y]+Quajiii2c(new(Xl[Y]-old(X]iy].sicp,&(lcvPC]IY])); 
renirn(iero); 

} 



/* Funciion Name; ZeroCoeffsSA 

* Description: Zero out video data 

* Arguments: data - image data 

* addr - addresses 

* Returns: zeros data [addr QQ] 
♦/ 

void ZeroCoeffsSA(data,addr) 

short *data; 
Block addr; 

{ 

inl X, Y; 

for(X=0;X<BLOCK;X++) for(Y=0;Y<BLOCK;Y++) 
daia[addrpr|[Y]]=0; 

} 

I* Function Name: BlockZeroSA 

* Description: Test if all block values arc zero 

* Arguments: block - block under test 

* Renirns: block ==0 
*/ 

Boolean BlockZeroSA(block) 



Block block; 
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inl X, Y; 

Boolean zero = True; 



} 



for(X = 0;X < BLOCK;X + + ) for(Y =0; Y < BLOCK; Y + + ) 

if (block(X][Y]!=0) zero = False; 
renim(zrro); 



/♦ Function Name: SendTokenSA 

» Description: Increments token frequency 

♦ Arguments: token - token to be transmitted 

• channel, sub, oct • co-ordinates 

* bfp • binary fUe pointer 

• empty - zero state {EMPTY | CHANNEL_EMPTY 
OCTAVE_EMFrY | LPF_EMPTY | FULL} 

• branch - branch of tree (0-3) 

* Returns: encodes token 
*/ 

void ScndTokenSA(token,channel,sub,oct,bfip,cmpty,branch) 

int token, channel, sub, oct, ♦empty, branch; 

Bits biip; 



{ 

int fulI=FULL, i; 
String 

tokcn_narae[TOKENS] = {"ZERO^STILL"."NON_ZERO_STILL"."BLOCK_SAME","ZE 
RO_VID " . " BLOCK_CH ANGE* , 

"LOCAL.ZERO-.-LOCAL.NON.ZERO-.XHANNEL.ZERO'.-CHANNEL.NON.ZE 
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RO" , " OCT_ZERO' , "OCT_NON_ZERO" . 

"LPF ZERO ' . " LPF_NON_ZERO ] . " LPF_LOC_ZERO " . "LPF_L0C_NON_ZERO" } ; 

switch( ••empty) { 
case EMPTY: 

if (token! =ZER0_ST1LL && token! =BLOCK_SAME) { 

SendTokenSAaOCAL_NON_ZERO,channel,sub,oct,bfip,&fulI,branch); 

for(i=0;i<channcl;i+ +) 
SendTokenSA(CHANNEL_ZERO,i.sub,oci,bfp,&full.bnmch); 

•empty=CHANNEL_EMPTy; 
SeDdTokenSA(iokcn,chaiinel,sub,oct,bfip,empty,branch); 

} 

break; 

case CHANNEL EMPTY: 

if (token! =ZERO_STILL && token! =BLOCK_SAME) { 

ScDdTokenSA(CHANNEL_NON_ZERO.channcl,sub,oct,blTp,&fiill,branch): 
for(i=l;i<5ub;i++) 

SendTokenSA(token= = NON_ZERO_STILL?ZERO_STILL:BLOCK_SAME,channcl,i,oc 
t,b^,&full,branch); 

♦empty = FULL; 

SendTokcnSA(token,cbamicl,sub,oct.biip,empty,branch); 

} 

break; 

case OCTAVE_EMPTY: 

if (token! =ZERO_STILL && token! =BLOCK_SAME) { 

SendTokenSA(OCT_NON_ZERO.channel,sub,oct.bfp,&ftill,bTanch); 

for(i =0;i < branch;i + + ) 
SendTokenSA(token==NON_ZERO_STILL?ZERO_STILL:BLOCK_SAME.channel.sub 
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.oct,bfp,&fiJll. branch); 

♦empty = FULL; 

SendTokenSA(token,channel,sub,oct,bfp,empty,branch); 

} 

break; 
case LPF_EMPTY: 

if (token! = LPF_ZERO) { 

SendTokenSA(LPF_LOC_NON_ZERO.channel,sub,oct,bfp,&full,branch); 

for(i=0;i < channcl;i+ + ) 
SendTokenSA(LPF_ZERO,i,sub,oct,bfp,&fulI,branch); 

•empty "FULL; 

ScDdTokcnSA(token,cbaiinel,sub,oct,bfp,einpiy,bra]icb); 

} 

break; 
case FULL: 

Dprimf(" %s\nMoken_namc(tokcn]); 
bwritc(&tokcn_codcs(tokcnl , tokcn_bits[tokcnl ,bfjp); 
break; 

} 

} 

/* FuECiion Name: RcadBlockSA 

* Description: Read block from video 

* Arguments : new, old, addr - new and old blocks and addresses 

* X, y, oct, sub, channel - co-ordinates of block 

* src, dst - frame data 

* Returns: block values 



void 



ReadBlockSA(new,old,addr,x,y.oct,sub,channeKsrc,dst) 
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Block new. old, addr; 

int X, y. oct, sub, channel; 

shon *src[3], 'dst[3]: 

{ 

int X, Y; 

for(X=0;X<BLCX:K;X + +) for(Y=0;Y< BLOCK; Y++) { 

addr[Xl[Y] = AccessSA((x< <1)+X,(y< <l)+Y,oct,sub,channel); 

DCw[X][Y]=(int)src[channcllIaddr(X][Y]]; 
oldpq[Y]=(int)dst[channcl][addrPC][Y]]; 

} 

} 

/* Funciion Name: CalcNonnalsSA 

* Description: Calculates HVS wcigbied nonnals 

* Aigumcnts: oct, sub, channel - co-ordinates 

* norms - pre-initialised nonnals 

* Returns: weighted nonnals 
•/ 

void CalcNonnalsSA(oct,sub,channeI,norms,quant_const) 

int oct, sub, channel; 

double noinis[31, quant_const; 

{ 

int norm, base_oct=oct+(channel!=0?l:0)-»-(sub==0?l:0); 

for(norm»=0;norm<3;nonn++) { 

if (norm! =0) nonns[norml *= quant_const; 

norms[norml *= base_faaors[base_oct]*(sub= =3?diag_faaor: 1 .0); 
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if (channel! = 0) normslnorm] '= chrome_factor; 
nonns(nonB] ♦ = (double)(l< <SA_PRECIS10N); 

} 

} 

/* FuDCiion Name: MakeDecisions2SA 

* Description: Decide on new compression mode from block values 

* Argumcnis: old, new, pro - block values 

* zero - zero flag for new block 

* norms - HVS normals 

* mode - current compression mode 
m decide - comparison algorithm 

* Returns: new con^ression mode 
*/ 



int MakeDecisions2SA(old,new,proJev,2cro,norms,mode) 

Block new, old, pro, lev; 
Boolean zero; 
double nonns[3]; 
int mode; 

{ 

Block 2ero_block={{0.0}.{0,0}}; 

int new_raodc= mode == STILL || BlockZeroSA(old)?STILL:SEND. 
np=DecideSA(new,pro), no=DecideSA(iiew,old); 

if (ncw_modc== STILL) ncw_modc=np> =no 1 1 zero | [ 
BlockZeroSA(lev)?STOP:STILL; 

else new_mode=zcro && np<no?VOID:np> =no 1 1 
DecisionSA(new,old,norms[2]) 1 1 BIock2eroSA(lev)?STOP:SEND; 

renmi(new_modc); 
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/• FuDCiion Name: UpdatcCocffsSA 

* Description: Encode proposed values and write data 

* Arguments: pro, lev, addr - proposed block, levels and addresses 

* channel, oct • co-ordinates 
« dst - destination data 

* bfp - binary file pointer 

* Returns: alters dst(channel][addrDD) 
*/ 



void UpdateCoeffsSA(pro,lev,addr.chanDel,oct,dst,bfip) 

Block pro, lev. addr; 

int channel, oct; 

short •dst[3]; 

Bits bfjp: 

{ 

int X, Y; 

for(X=0;X<BLOCK;X++) for(y=0;Y<BLOCK;Y + +) { 
int bits=HuffimaiiSA(lcvlX][Y]), 
level =abs(lcv(X][Y]); 
unsigned char •bytes =HuffCodeSA(lev[X]IY]); 

dst[channel][addr(X][Y]] = (shon)proIX][Y]; 

bwritc(bytes,bils,bQ)); 

XtFrce(bytes); 

} 

} 
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/• Fuoruon Name: SeodTreeSA 
Descnpcion: Encode tree blocks 
Argumenis; prtv^mode - compression mode 

• X, y, oct, sub, channel - co-ordinates 

• empty - token mode 

* branch - tree branch number 

* Returns: active block indicator 
♦/ 

Boolean 

ScndTrccSA(prev_^modc,xj,oct,sub,channcl,5rc,dsi,cmpty,branch,quani_const,bfp) 

ini prrv^modc. x, y, oct, sub. channel, •empty, branch; 
short *STt(3I. •dst(3]; 
double quani^const: 
Bits bfp; 

{ 

Block addr, old, new, pro. lev; 
ini ncw^modc, X, Y; 

double norms{31«{quant_consi,ihrc3h_consi,cmp_const}; /* quant, thresh. 

compare */ 

Boolean active = False; 

RcadBlockSA(ncw,old,addr.x,y,oa.sub,channeK5rc.dst); 
if (prcv models VOID) { 
Boolean zero; 

CalcNormalsSA(oct,sub,channel.norms.quant_consi); 
zcro=ProposedSA(proJev,old,new, norms): 

new mode = MakcDecisions2SA(old,new, pro, lev.zcro. norms, prev_mode); 
swiicWncw_mode) { 



wo 94/233SS 



PCT/GB94/006r7 



241 . 



case STOP: 



ScndTokcnSA(prcv_modc== STILL j | 
BlockieroSA(old)?ZERO^STTLL:BLOCK_SAME.channel,sub,oct,bfp,cmpty^ 

break: 
case STILL: 
case SEND: 

active = True; 



ScodTokcnSA(prcv_modca » STILL 



1 1 
1 1 



BlockZero(old)?NON_ZERO_STILL:BLOCK_CHANGExhaniicKsub,oct,bf^ 
ch); 

UpdaicCoeffsS A(pro , le v,addr,chaiincKoct, dst • bfjp) ; 
break: 
case VOID: 

ScndTokcnSA(ZERO_Vro,chaimcl.sub,c)ci,bfp,crap^ 

ZeroCoeffsS A(d5t[cbanDel] ,addr); 

break: 

} 

} else { 

if (BlockZeroSA(oId)) new_mode»STOP; 
else { 

ZerDCocffsSA(dst(chai]nel1 .addr): 
ncw_mode=VOID: 

} 

} 

if (oa> 0 &A ncw^model-STOP) { 

iiu mi=OCTAVE_EMPTY, fuII=FULL; 

Dprintfrx=%d, y = %d, oci=%d sub-=%d mode 
%d\n" .x.y ,oct.sub.ncw_inodc); 

for(Y=0:Y<2;y ++) for(X=0;X<2;X + +) 



o>d)SendTreeSA(new mode.x'2+X,y*2 + Y.oct-l .sub.channcl.src.dst.&mi.X +2*Y.qua 
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mconst.bfp); 

if {mi= =OCTAVE_EVlPTY &.&. ncw mcxJc! = VOID) 
ScndTokenSA(OCT_ZERO.chaimcl.sub,oct.bfp.&full.O); 

} 

rerunw active); 

) 

/• Function Name: ScndLPF_SA 

* Description: Encode LPF sub-band 

* Arguments: mode • compression mode 

* Returns: encodes data 
♦/ 

void SendLPF_SA(raodc,src,dst»bfp,quam_const) 

ini mode; 

short *src(3], •dsi{3]; 

Bits bfp; 

double quant^const: 

{ 

Block new. old. pro. lev. addr: 
int cbannei, chaiinels»3, x, y, fuUeFULL, 
octs_lujn=3, 

si2e(2] = {SA_W1DTH > > octsJuni+ 1 .SA_HEIGHT> > octsJum+ 1 } ; 

for<y=0:y<si2c(l];y+ + ) for(x=0;x<si2c{01;x+ +) { 
int empty = LPF_EMPTY; 



for(channel=0:channel<channc.ls:channei++) { 
int octss=channel!=0?2:3. 
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new_modc, X, Y, step, value, bit5=0; 
double nonns(3] = {quant_consi.ihre5h_consi,cmp_const} ; 

CaJcNorTnaLl5SA(ocis-l,0,channci,nonns.quaiii_const); 
sicp = nonn5(0] < I.O?l:(mt)nonns{0]; 

for<bit5=0, valuc = ((l< <8 + SA_PRECISION)-l)/sicp:valuc!=0:bit5 + -h) 

valuc = vaJuc> > 1; 
RcadBlockSA(new,old,addr,x j,ck:is.1 ,0,channcKsrc.dsi); 

/♦ Proposed ♦/ 

for(X=0:X<BLOCK:X++) for(Y=0;Y<BLOCK;Y++) 

pro[X][Y] =old[X]m +Quaiiii2cSA(ncw(X]nn-oldra 
/• MakeDccisions */ 

ittw_modc=mc)dc==STIlX?STILI-:DecisioriSA(ncw,^ 1 1 

BlockZeroSA(lcv)?STOP:SEND; 

switch(Dew_mode) { 
case SEND: 

Scx}dTokciiSA(IJ'F_NON^ZEROxhannci,0,cx:iS;bfp,&cmpty,0); 
UpdateCoeff5SA(pro,lev,addr,chaimeLocts,dst,bfp); 

break: 

case STILL; 

for(X=0;X<BLOCK;X ++) for(Y=0;Y< BLOCK; Y++) { 
unsigned char ♦byics=CodcIniSA(lcv(X][Y]»bits); 

dst(channell[addr(X]m]=(shon)pro(Xl[Y]; 

bwriic(byies,biis.bfp); 

XtFrec(byies); 

} 

break; 
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case STOP: 

SendTokcnSA(LPF_ZERO.chaniicl.O,ocis.brip.&cinpty.O); 
break: 

} 

} 

if (mode! = STILL &ic empty = = LPF_EMPTY) 
SeDdTokenSA(LPF_LOC_ZERO.chaimcl.0,octsJum.bfp.&full,0); 

) 

} 

/♦ Function Name: ComprcssFramcSA 

* Description: Compress a Frame 

* Argumcms: mode - compression mode STILL or SEND 

* SIC, dst - source and destination data 

* bfp - binary file pointer for result 

* qiiant_const - quantizaiion parameter 

void ComprrssFramcSA(modc,src,dst,bfip,quant_const) 

int mode: 

shon •src[3], •dsi(31; 

Bits bfp; 

double quant^const; 

{ 

int sub, channel, x, y, i, 
octsJum=3, 

size(21 = {SA^WIDTH> > l+octsJum,SA_HEIGHT> > 1 +octsJum}; 
for(channcl=0:channel<3;channel-h+) { 
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irn 

fran3C_si2e[2) = {SA_WlDTH> >(chanDcl= =0?0:1),SA_HEIGHT> >(chaimcl= =0?0:1 

)}. ' _ 

framc_ajxa = framc_si2e(0] *frainc_si2c{ 1 ] ; 

for(i=0;i < framc_arca;i + +) 
5n:{chaimcl][i]»src(chann£l](i] < <SA^PRECISION; 

CoDVolvc(src(chaimcl], False, framc_sizc,0,chaiincl = =0?3:2); 

) 

bwriic((char •)«Scquaiu_const,sizcof(doublc)*8,bfp); 
ScmiLPF_SA(mode.sn;,dst.bfip,quai«_const); 
for(y-0:y<si2e(l]:y++) for(x-0;x<si2e{0]:x++) { 
int cmpiys EMPTY, full=FULL; 

for(chaimel»0;chaimel<3;chaniiel<f «f) { 
int octsschanDel!e072:3; 

for(sub= I ;sub<4:sub+ +) 
(void)ScndTrecSA(modea,y,ocu-l,sub.chaxmel,sre,dst.&cmpiy,0,qiiam_corm,bfp^ 
swiicfa(empiy) { 
case FULL: 

empty "CHANNEL^EMFTY; 
break: ' 
case CHANNEL_EMPTY: 
ScndTokenSA(CHANNEL_2ERO.channel,sub.octs-l .bfp,&full.O): 

break; 

} 

} 

If (empty == EMPTY) 
SendTokenSA(LOCAL_ZERO.channcl.sub.octs_lum-l,bfp,&fun,0); 

} 

} 
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source/KlicsTeslSA.c 



^include "xwave.h" 
^include "KlicsSA.h" 

extern void ComprcssFramcSAQ; 

rypedcf struct { 
Video src; 

char bm_nainc(STRLENl: 
Boolean stillvid; 
double quam^const: 
} KlicsCtilRec, •KlicsCtrl; 



/• Function Name: KlicsCiriSA 

* Description: Tc5t harness for KlicsSA in xwavc 

* Argumcms: w • Xaw widget 

* closure - compression control record 

call data - NULL 

* Returns: send data to binary file 
*/ 

void KlicsCtrlSA(w.closurc,calMata) 

Widget w; 

caddrj closure, call^dau; 



{ 

KlicsCtrl cirl=(KlicsCtrl)closure: 
im size Y = SA^WIDTH^^S A^HEIGHT, 
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si2cUV = SA_WlDTH*SA_HOGHT/4, i. z: 
sbon 'dst(3] = { 

(sbon •)iMALLOC(si2cof(shon)"si2eY), 
(shon •)MALLOC(si2eof(shon)»si2eUV), 
(shon •)MALLOasi2Cof(shon)*si2eUV). 

}. '5^(3] = { 

(shon •)MALLOC(si2eof(shon)*si2eY), 
(short •)MALLOC(si2cof(shon)*si2cUV), 
(shon •)MALLOC(si2eof(shon)*si2eUV), 

}: 

char nie,namr(STRLENl; 
Bits bfp; 

Booleaa tnte-Tnie, false = False; 

for<i=0;i<si2cY;i++)dsi(0]Ii]=0; ■ 
for<i=0;i<si2cUV;i++) { dst(l][i]=0; dsK21Ii]=0: } 



sprinrfrfilc name. " %s%5/ %s%s\0". global- > hoinc.KlJCS_SA_DIR.ctri- > bm_ name.KLI 
CS_SA_EXD; 

bfp= bopen(file_nanie, "w"); 

bwritc(&ctrl- > stillvid, 1 ,bfp); 

bwriic(&ctrl-> sre- > si2e(2],si2eof(mi)*8,bfp); 

fort2=0;2<ctrl->src->si2e[2];H--t-) { 
GeiFramc(cirl- > src,2); 

for(i=0;i< si2eY:i+ +) src[OI[i] =cirl- > src- > dau(0)[zHil; 
for(i-0;i<si2eUV;i-l--l-) { 

srcj 1 =ctrl- > src- > daia{ 1 )[zjri] ; 

srct2][i] =cirl- > src- > data(2 JlzJIi] ; 

} 

ComprcssFraincSA(2- "0 | | 



rMorTTTirrr cucct rot ft c ncy 
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Ctrl- > stilIvid?STILL;SEND.src.dst.bfp.ctrl- > quani_const); 
FrccFramc(ctrl- > src.z); 

} 

bflusWbfp); 

bclose(bfp); 

XtFrcc(dst{01); 

XiFrec{dst(ll); 

XtFrcc(dst(21); 

XiFrcc(sn:{01): 

XlFree(src(ll); 

XtFrce(src(21); 

} 

KlicsCtrl loitiaicsCirKname) 

String name; 

{ 

KJicsCtrl ctrl=(KlicsCtrl)MALLOC(sizeof(KlicsCtrlRa:)): 

ctrl->stillvid=Tn«: 
Ctrl- > quani_const=8.0; 
srrq3y(ctrl- > bin^namc.namc): 
reruni(ctrl): 

} 

^define KUCSJA_ICONS 8 
/fdefine KUCS_SA_VIDJCONS 2 

void KlicsSA(w.closurc,caU_daia) 



Widget w: 
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caddr_t closure. caJl_data; 

{ 

Video video =(Vidco)clcsure: 

KJicsCtrl Ctrl = IiiitKJicsCtrl(vidco-> name); 

Floailupui nt_inpuis=(FloaiIx43Ui)MALLOC(si2eof(FloailnpuiRec)); 

Message msg_bin= NcwMessage(ctrl- > bm_name.NAME_LEN); 

XtCallbackRec destroy_caJin = { 

{Frec.(caddr_t)ctrl}. 

{Free,(caddr_t)fli_inputs) , 

{GcseMe$$age,(caddr_t)msg_biii}, 

{NULL.NULL}, 

}; 

Widget pareni « FindWidgci( "ftm_comprcss " .XtPareni(w)), 

shell = Shell WidgeU "klicsSA" .parent.SW_^bdow,NULL,dcstroy_calI), 
fonn= FormaiWidget("klicsSA_fomi" .shell), 
widgctsnOJCSJAJCONS], 
vid_widgets(KUCSJA_VIDJCONSl; 
Fonnlicm iicmsO*s{ 

{ -kliwS A_canccl " . "cancel " .O.O.FWJcon.NULL) , 
{ "kIi«SA_confinn". "confinn" , 1 .0.FW Jcon.NULL} , 
{"kIicsSA_tiilc"/Run Klics SA".2,0,FWJabel.NULL}. 
{ "kIicsSA_bin Jab ' . 'KLICS FUc: " ,0.3 ,FW_label.NULL} , 
{ "kIic$SA_bui_nanie" . NULL,4 ,3 ,FW jexi, (String)msg_bin} , 

{"klicsSA_qn_noat".NULL.0.5.FW_noai.(String)&fltjnputs(0]}. 
{ "ldicsSA_qn_5croIl".NULL.6.5.FW_scrcll.(Siring)&ntjnpuis[01} , 
{ "kJicsSA_vid_fonn'.NULL.0,7,FW_form.NULL} , 

}. vidjtcms(j={ 

{ "UicsSA_ic_lab" . "Image Corap: " .O.O.FWJabel.NULL) , 
{ "klicsSAJc'.NULL. 1 .0.FW_yn.(Stringj&ctrl- > stillvid) . 

I • 
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XtCallbackKec caUback5(] = { 
{ Destroy , (caddr_t)shcll} , 
{NULL.NULL}. 
(iaicsCtrlSA.(caddr_t)ctrlj. 
{Destroy ,(c2ddr_t)shell} . 
{^^JLL,NULL}, 

{Floaiio:Dec.(caddr_t)«&flt_inpuis(OI } , {NULL, NULL} , 

}, vid_caJin = { 

{ChangeyN.(caddrj)&ctrI-> stillvid}. {NULL.NULL}. 

}; 



cul->src= video; 

msg_bin->rows=l; msg_bin->cols»NAME_LEN: 

nt_uqjuB(01.fonnai='Quani: %4.ir; 
nt_ii?>uts(0].inax= 10; 
flt_inputs(0] .min-O: 

nt inpuisfO]. value = &ctrl- > quani^const; 



FinFonn(fonn.KLICS^SA_ICONS-(video- > si2e(2] > I?0:l),items.widgets,callbacks); 
if (video- >size(21> 1) 

FillFonmwidgcis|7],KLICS_SA_VIDJCONS,vidJtems.vid_widgets.vid_call): 
XtPopup(5heU.XtGrabExclusive); 

} 
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source/Mall oc.c 



/* 

Memory allocation rouiinc 

•/ 

^include <stdio,h> 
char •MALLOCfsiM) 
im size; 

{ 

char *ptr=(char •)calloc(l,si2c); 

if (ptr= =KULL) Eprintf(" Unable to allocate %d byics of mcinory\n",si2c); 
rcmni(ptr); 

} 
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source/Menu.c 



Pull-Right Menu funcuons 



^include <stdio.h> 
^iacludc < XI 1/InirinsicP.h > 
^include < Xll/StringDcfs.h> 



#includc <X11/Xaw/Xawlnii.h> 
^include < Xll/Xaw/SimplcMcnP.h> 
#ia:ludc < XI l/Xaw/CommandP.h > 



static void prPopupMemi(); 
static void NotifylmageO; 
static void PrLcavcQ; 



void InitActions(app_con) 



XtAppContcxt app_con; 



{ 

static XtActionsRcc actionsf] = { 

{ "prPopupMcnu \prPopupMcnu } , 
{ "notifylmagc^.Notifylmagc} , 
{"prLcavc",PrLcavc}, 



X LAppAddAciionsi app^con, acuom . XtNumbert actions )) ; 
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} 

stauc void prPopupMcnu(w. event. parani5,num_params) 

Widget w: 
XEvcm * event; 
String * params; 
Cardinal * num^params; 

{ 

Widget menu, temp; 
Arg argJisi[2]; 
Cardinal num^args; 

int menu^x, mcnu_y, raccu^widih, menu^hcight, bution_widih, button height; 
Position bunon^x, button_j; 

if (•numjjarams! ^ 1) { 

char crror^buflBUFSIZ]; 

sprinif(crrDr_buf, "prPopupMcnu: "/Illegal number of transiaiion 
arguments'*); 

XtAppWaming{XtWidgctToAppJicationComcxi(w), error^buf); 
rccum: 

} 

temp = w; 

whilc(temp ! NULL) { 
menu = XtNamcToWidgct(lcmp, params(0]); 
if (menu == NULL) 

temp = XtPareni(terap); 
else 

break: 

} 
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if (menu = = NULL) { 
char crror^bufTBUFSIZl; 
sprmif^crror^buf, "prPopupMcnu: %s %s/, 

"Could not find menu widget named", params(0]); 
XtAppWaming(XiWidgeiToAppiicaiionConicxi(w), error_buf); 

return: 

} 

if (!XasRealizcd(mcnu)) 
XtRcaJizcWidgei(mcnu); 

menu width = menu- > core. width + 2 ^ menu- > core. border^widih: 
button width = w-> core. width + 2 • w->corc.bonlcr_width; 
button height = w-> core. height + 2 * w*>corc.bordcr_width: 

mcmi height = menu- > core. height + 2 * incnu->core*borxicr_width: 

XtTransiateCoords(w, 0, 0. &buuon_x. &buiionj^); 

mcnu^x « button^x; 

mcnuj^ = button jr + button^hcighi; 

if (mcnu_x < 0) 

mcnu^x = 0: 
else { 

int scr width = WidthOfScrccn(XtScrecn(mcnu)); 
if (menu_x + mcmi^width > scr^widlh) 
menu x = scr^width - mcnu_width: 

} 

if fmenu^y < 0) 

mcnu^y = 0; 
else { 

miscr_heichi = HeighiOfScrecn(XlScreen(menu)); 



wo 94/23385 PCT/GB 94/00677 

- 255 - 

if (mcnu^y + mcnu_hcighi > scr_height) 
mcnu^y = scr_height - menu^heigiit; 

} 

nujn_args = 0; 

* XtSetAig(argli5i{num_argsJ, XtNx, mcnu_x); Duni^axgs + + ; 
XtSctAig(argli5i[num^args). XlNy, mcmi_y); num_args + + ; 
XtSetValues(racDU. arglist, num^args); 

XtPopupSpringLoadcd{mcnu); 

} 

I* 

static void 

prRealize(w. mask, attn) 
Widget w; 
Mask *mask: 

XSctWindowAttributcs *aan; 
{ 

(•superclass- >core_class.ieaJi2e) (w, mask, aiffs); 
•/ 

/• Wc have a window now. Register a grab. •/ 

XGrabBunon( XtDispiay(w), AnyBution. AnyModificr. XtWindow(w), 
TRUE. ButtonPressMask|ButtonReIeaseMask. 
GrabModeAsync, GrabModeAsync, None, None ); 

} 

•/ 

t * 

* Static void NotifYlmagc(w,cvcm.params,numj)arams) 

Widget w: 
XEvent *cvcnt: 
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String *paraiii5: 

Cardinal •Hiimjarans: 

{ 

Command Widget cbw=(CommandWidgci)w; 

if (cbw- > command. set) XtCa]lCaJlbackij5t(w,cbw->command.callbaclcs, event); 

} 

static void PrLcavc(w,cvcnt,params,niim_params) 

Widgei w; 
XEvem ♦evem: 
String *params: 
Cardinal *numj3arains; 

{ 

SimplcMoiuWidgci siDW=(SimpieMeiiuWidget)w; 
Dprmrf( •PrLcave\n"); 

} 
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source/Message.c 



/* 

* Message I/O Utility Routines 
*/ 

^include " . ,/includc/xwavc.h" 
^include < varargs.h > 

define MESSJCONS 3 
void TcxtSizc(m3g) 
Message msg; 

{ 

int maxJen^O; 
char *tcxi = msg- > info.ptr; 

msg* > rows =0; 
msg- > cols =0; 
do { 

i++; 

if (icxt(i] = «'\n* |j iexin]== = *\00{ 

if (msg- > cols > max_len) max Jen=msg- > cols; 
msg- > cols -0; 
msg->rows+ + ; 
} else msg->cols + + ; 
} while (iexi(il! = '\0*); 
if (i>0) if (texi(i-l] = = '\n') msg- > rows-; 
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msg- > cols = majt Jen; 

} 

Message NcwMessagciiexi.sizc) 

char *tcxi; 
int size; 

{ 

Message msg = (Mcssagc)MALLOC(si2cof(McssageRfic)) ; 

msg- > shell NULL; 
msg- > widget = NULL; 
msg- > info,fimPos»0; 

if (! (msg- >own_tcxt= text NULL)) msg-> info, per -text; 
else { 

msg- > iiifo.pir= (char *)MALL0C(si2e-f 1); 
msg- > info.ptr{0] = 'XO*; 

} 

msg- > info.fonnat=FMT8BIT; 

msg- > info Jcngih=0: 

msg- > rows =0; 

msg->cols=0; 

msg- > size = size; 

msg- > edit* XawtcxiEdit: 

rctuni(msg); 

} 

void CloscMcssage(w,closurc*call_data) 



Widget w; 

caddr t closure, call data: 
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{ 

Message ni5g = (Mes5agc)closure; 

Destxoy(w,(caddr_t)msg- > shcIl.NULL); 
if (msg->ownjexi) XtFrcc(msg-> info.ptr); 
XtFrce(msg); 

} 

void MessagcWindow(parcm.nisg,tiile,closc,call) 

Widget paicni: 
Message msg; 
char "title; 
Boolean close; 
XtCallbackRec callQ; 

{ 

Widget form. widgets[MESSJCONS]-{NULL,NULL,NULL}; 
Fonnliem itcmsO^i 

{ "msg_caiicer , "cancel" .0,0,FW_icon.NULL} , 

{ -msg^labcl" .liUe, 1 .0.FWJabel.NULL} , 

{ "msg_insg" .NULL.0,2.FW_text,(String)msg} . 

}: 

msg- > cdit= XawtexiRead; 

msg- > shell = Shell WidgcK "msg ",parcm,parcnt= =global- > coplevel?SWjop:SW_below. 

NULL.NITLL); 

fonn= FormatWidget("msg_fonn".msg- > shell); 

FillFomi(torm.MESS_ICONS-(close?0:l),&items(close?0:l),&widgetslclose?0:ll,call); 
XtPopup(msg-> shell.XtGrabNone); 



SUBSTITUTE SHEET (RULE 26) 



wo 94/23385 



PCT/GB94/00677 



- 260 - 

Mflush(msg); 

} 

void Mflush(msg) 
Message msg; 
{ 

if (global- > batch- » NULL && msg- > widgei! - NULL) { 
Display 'dpy = XtDisplay(global- > toplcvcl); 
im i, lines «0; 
Arg args(l]: 

for(i=msg-> infc.lcngxh- 1: lines < msg- > rows i> =0;i-) 

if (msg«> info.ptr(i] = = '\n' Sl8l i!=msg->info.length-l) lines + + : 

if (msg- > info.ptrti] = = *\n*) i + + ; 
strcpy(msg-> info.piT.&insg-> info.ptrfi]): 
msg- > infcleogtb-oi; 

XiSctArg(arg5[0].XtNstriiig,insg- > info.ptr); 
XSyncbroni2e(dpy .True): 
XtSclValues(msg- > widget,args,ONE); 
XSynchronize(dpy.False); 

} 

} 

void mpriniffmsg,ap) 

Message msg; 
va^list ap; 



{ 
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char *fonnai; 

formal = va_aig(ap, char *); 

if (global- > batch! = NULL) vpriDtfffonnai.ap); 

else { 

char lexUSTRLENl; 
ini i; 

vsprmtf(iexi,forniat,ap); 
i=sulcn(text)+msg- > info.lcngih-msg- > size; 
if(i>0){ 

sin:py(msg-> info.pir,&msg* > info.ptr(ij); 
insg-> infoJcngth-=i; 

} 

sixcai(znsg-> info.ptr.text); 
msg- > mfo.lci^+ -sirlcn(icxt); 

} 

} 

void Dprinrf(va_alist) 
va^dcl 

{ 

yzjist ap; 

if (global- > debug) { 
char *fonnai: 

va_sun(ap); 

fonnai = va_arg(ap,char *); 
vpriniftformat.ap); 
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va_cnd(ap); 



} 

} 



void Mprintfiva^alist) 



va del 



vajisi ap; 
Message msg; 



va^stan(ap); 

msg = va_arg(ap.Mcssagc): 

niprintf(msg,ap); 

va_cnd(ap); 



void Eprintf(va_alist) 



va del 



va^lisi ap; 
Message mag; 
im rows, cols: 



va_stan(ap); 

msg = NcwMessage(NULL,STRLEN): 

mprimf(msg,ap); 

if (global- > baich= = NULL) { 

XiCallbackRcc cailbacks[] = { 
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{ CloseMessage , (caddr_t)nisg} . 
{^aJLL.NULL}. 

}: 

Texts izcdnsg); 

McssageWindow(global-> toplcvcl.msg,"Xwave Error", True. caJlbacks); 

} 

va_end(ap); 
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source/NamcButton.c 



/• 

♦ Supply MenuBuoon widgei id to PullRightMenu bunon resource 



^include " . ./includcyxwavc.h" 



void NaracBution(w, event, params* num^params) 



Widget w; 
XEvcni •event; 
String ^params; 
Cardinal *numjaranis; 



McniiButioD Widget rabw»(McnuButton Widget) w; 
Widget menu: 
Arg args(l]; 
String name; 

XtSeiArg(args(0],XtNmcnuNajne,&namc); 
XtGctValucs(w,args,ONE); 

DprintfrNamcBimon: looking for PRM %s\n".nanic); 
menu = FindWidgci(name,w); 
if (menu ! = NULL) { 

DprinifrNamcBution: setting Menu Buiton\n"); 

XtSciArg(args[0],XiNbunon,w); 

XiSeiValues(mcnu.args,ONE); 

} 

} 
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source/Palette-c 



• PaJctic rc -mapping 

^include " . . /includc/xwavc . h " 

/♦ Function Name: RcMap 

• Description: Rc-maps a pixel value to a new value via a mapping 

• Argumcnis: pixel - pixel value (0..max-l) 

0 max - range of pixel values 

• map - palette to recode with 

• Rctuna: remapped pixel value 
*/ 

int RcMap(pixcLmax,palettc) 

im pixel, max; 
Palctic palette; 

( 

Map map = palette- > mappings; 
int value -pixel; 
Boolean inrangc= False; 

while(map! = NULL linrange) { 

if (pixel > = map- > Stan && pixcK = map- > finish) { 
inrangc=True; 

value = map- > m*pixel + map- > c; 
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} 

map = map- > next: 

} 

rcturn( vaJue < 0?0: value > =max?max-l : value): 

} 

/• FunciioD Name: FindPaJene 

Descnpnon; Find a paJcne from a list given the index 

* Arguments: palette - the paletie list 

* index - ihe index number 

* Returns: the palcnc corresponding to the index 
*/ 

Palette FindPa]etie(paJette, index) 

Palette paktte; 
int index: 

{ 

whilc(indcx >OSl&. paJene- > next! = NULL) { 
index-; 

palene -paicne- > next; 

} 

rctum(palctte); 

} 

/• Function Name: RcOrderPaletics 

* Description: Reverse the order of the palette list 

* Arguments: start, finish - the stan and finish of the re-ordered list 

* Rcmras: the palette list in the reverse order 

V 
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Palerifi ReOrdcrPaJcntsisian. finish) 
Pakiic Stan, finish; 

{ 

Palene list =fiimli-> next: 

if (list! = NULL) { 

finish- > next = list- > next; 

list- > next = Stan; 

sian» ReOrderPaleties(list.rmish); 

} 

rcaxrD(sian); 

} 
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source/Parse. c 



• Pancr for xwavc input files: .do 
"/ 

^include " . ./include/xwave.h" 
^include "../includcj'Grain.h" 

void Parse(paili.flle.exi) 
String path, file, ext; 

{ 

char fiIc_nainc[STRLENl; 

sprinrf(rilc_nana."?5s%s/%sfes\0",global->hoine,path,nie.ext); 
DprintfCPaise: parsing file %s\n".filc_naine): 

if (NULL= =<globaJ->parse_fp=fopcn(nie_name,"r"))) 

EprinifCPaise: failed to open input file %s\n",nie_namc); 

else { 

sprimf(file_name, " %s%s\0" .file.exi); 
global- > parse_file = file_name: 
global- > pai5e_token=ext; 
yyparseO; 

fclose(global- > parse^^fjp); 

DprintfrParse: finished with %s\n".filc_najne): 

} 

} 
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void ParseCtrUw.closure.caJldata) 

Widget w; 

caddr_t closure. call_data: 

{ 

Parsc( " . " . ((XawListRctumStnict •)calJ_data)- > striijg.(String)cIosure); 

) 

ini Parsclnput(fp) 

FILE *fp; 

{ 

iot aum; 

if (globaJ->parse_tokcn! = NULL) 

if (global- > parse_token(0] » = '\0') { 
iiuins(iiu)'\n'; 

global- > paise_ioken» NULL; 

}else{ 

mini = (im)global- > parse_tokcn(0]; 
global- > parse_token+ ■*■ ; 

) 

else if (EOF--(num=getc(global.>parsc_fp))) num=NULL; 
renini(nuni); 

} 
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source/Pop2.c 
/• 

Global callbacks for popping popups and allsoned utilities 

•/ 

^include "../include/xwavc.h" 

void Destroy(w,clo5iirc,call_dau) 

Widget w; 

caddrj closiue. call^data; 

{ 

Widgci widget =(Widgei)closure; 

if (widget! = NULL) XtDesiroyWidget(widgct): 

} 

void Quii(w, closure, call^dara) 

Widget w; 

caddr t closure, call^data: 

{ 

XtDesiroyApplicaiionContcxtCglobal- > app_con); 
cxitO: 

} 

void Frcctw.closurc.call data) 
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Widcci 



caddr t 



closure, call data: 



if (closure! = NULL) XtFrce(closurc); 



Widget 



FindWidgct(nanic.curTem) 



String name; 
Widget 



currcni; 



Widget target »^aJLL; 

while<cunciit! = NULL) { 

target = XtNaineToWidget(cunem,iiaine); 

if (target = = NULL) current =XlParBni(curTcm); 

else brealc: 



if (urgci==NULL) { 

Eprintf("Cam find widget: %s\n",namc); 
target = global- > loplevci: 



retum(target); 



#define 



NA ICONS 2 



void NA(w,closurc.call dau) 



Widget 



w; 
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caddrj closure. caJl data; 

{ 

Widget 

shell = Shel]Widgei("na_sheir.OVidget)closure.SW_beJow.NULL.NULL). 

fonn=Fonn2tWidgct("na_fonn".shc]I). widgcts{NA ICONS]; 
Formltem iteni5(]=:{ 

{"na_confinn"."confinn".O.O.FW_icon.NULL}, 
{"naJabcl"."This funciion is not avaiIable".0,l,FW labeKNULL} 

}: 

XtCallbackRec callbacJcsO = { 

{Destroy,(caddrj)siiell}. {NULL.NULL). 

): 

FillFonn(form.NAJCONS,iicois,widgcts,calJbacks); 
XtPopup(shcll.XiGrabExclusivc); 

} 

void SetSensiuve(w.closure,caII_dau) 

Widget w; 

caddrj closure, call_data; 

{ 

XiSeiSensitive((Widget)closure.Tnie); 

} 
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source/Process.c 
/* 

* Call sub-proccsscs 
*/ 

^include "../includc/xwavc.h'* 
^include <sigiial.b> 
^include < sys/waii.h > 
^include < sys/iimc.h > 
^include < sys/rcsourcc.h> 

/* Function Name: Fork 

♦ Description: Executes a file in a process and waits for icnnination 

• Arguments: argv - standard argv argument description 

* Returns: dead process id 

int Fork(argv) 
char *argvn; 
{ 

int pid; 

union wait statusp; 
sinici rusage rusagc; 

if(0= = ^pid = fork())){ 

exec vp(argv[0], argv); 
cxiU); 
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} else if (pid>0) waii4(pid.iS:sutusp,0.&msage); 
returapid); 

} 

/• Funcuon Name: zropen 

* Descnpiion: Open a file (or .Z file) for reading 

* ArginDcois: filc^name - name of the file to be read 

* pid - poinicr lo process id 

* Returns: file pointer 
•/ 

FILE *2ropcni file^name.pid) 

char •file^namc: 
ini *pid; 

{ 

char z^namefSTRLENl; 

String zcat(J = {"2cai",2_nainc,NlILL}; 

HLE *fp; 

if (NULL==(fp=fopcn(fiJe_nanie/r"))) { 
static im up[2]; 

sprinrfd^namc, " %s.Z*,filc_nainc); 
pipc(up); 

if (O!=(*pid = fork())) { 

Dprintff "Parent process stancdVn"); 

close(up{l]); 

fp^fdopcniupCOJ/r"); 

} else { 

Dprimft" Running zcat on %s\n\2cat(l]); 
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rcmni(fp); 

) 



ciosc<up[0]); 
dup2( updi. 1 ); 
close( up(l]'); 
exec vp(zcai{0], zeal); 



FuDCiion Name: zseek 

* Description: Fast-forward thru file (fscck will not work on pipes) 

* Aigumcms: fp • file pointer 

* bytes - bytes to sidp 



void 25eck(fip.bytcs) 

FILE *fp; 
im bytes; 

{ 

char scTatch[1000]: 
int i; 



whilc(bytcs>0) { 

int amount = bytes > 1 000? ICXX): bytes: 



frcad(scratch.5izeof(char),amount,fp); 
bytes- « amount: 

} 
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void zclosc(fp,pid) 

FILE *fp; 
int pid: 

{ 

union wait siamsp; 
struct rusagc nisagc; 

fclosc(fip); 

if (pid!=0) waii4(pid,&si2nisp,0,&nisagc); 

} 
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source/PuURightMenu.c 

#if ( Idefmcdnini) && !dcfincd(SABER) ) 

static char Xrcsidf] = "SXConsonium: PullRighiMcnu.cv 1.32 89/12/11 15:01:50 icit 

ExpJ"; 

#cndif 

/* 

• Copyright 1989 Massachusetts Institute of Technology 

• Pcnnission to use, copy, modify, distribute, and sell this software and its 

• documentation for any purpose is hereby granted without fee, provided that 

• the above copyright notice appear in all copies and that both that 

• copyright notice and this pcnnission nonce appear in supporting 

• documentation, and that the name of M J.T, not be used in advertising or 

• publicity pertaining to distribution of Ac software without specific, 

• written prior permission. M.I.T. makes no representations about the 

• suitability of this software for any purpose. It is provided "as is" 

• without express or implied warranty. 

• M.I.T. DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE. 
INCLUDING ALL 

• IMPUED WARRANTIES OF MERCHANTABILITY AND HTNESS. IN NO 
EVENT SHALL M.I.T. 

• BE UABLE FOR ANY SPECIAL. INDIRECT OR CONSEQUENTIAL DAMAGES 
OR ANY DAMAGES 

• WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFTrS. 
WHETHER IN AN ACTION 

• OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION. ARISING OUT 
OF OR IN 
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• CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE. 
•/ 

/* 

• PulLRightMcDu.c - Source code file for PullRightMenu widget. 
*/ 

#mclude <sidio.h> 
^include <Xll/IntriiisicP.h> 
^include <Xll/StringDefs.h> 

#mclude < XI I/Xaw/Xawlnit.h > 
^include < XI l/Xaw/SimpleMeiiP.h> 
^include "PullRightMenuP.h" 
^include <Xll/Xaw/SmeBSB.h> 
#mclude "SmeBSBpr.h" 
^include <X11/Xaw/Cardinals.h> 

^include <X11/Xmu/Iniier.h> 
#include <Xll/Xmu/CharSet.h> 

^defmc sireq(a, b) ( strcnip((a), (b)) = = 0 ) 

^define offseKfield) XtOffset(Pu]lRightMenuWidget, simple_menu. field) 

static XtResource resources^ = { 

/• 

* Label Resources. 
*/ 



SUBSTITUTE SHEET (RULE 26) 
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(XiNlabel, XiCLsbel. XiRString. sizcoffString). 

offset(label_striDg). XiRString, NULL}. 
{XiNlabciClass. XtCLabelClass. XtRPoinier. si2cof(WidgctClass). 

offsciHabcl class), XtRImmcdiatc. (caddrj) NULL}. 

/• 

• Layout Resources. 
■/ 

{XtNrowHcighi, XtCRowHcight, XiRDimcnsion. sizeofCDimcnsion), 

offset(row_hcighi), XiRImmediate, (caddrj) 0}, 
{XtNtopMargin. XtCVcnicalMargios. XlRDimension. sizeof(Dimexision). 

offset(top_margin), XtR Immediate, (caddrj) 0), 
{XtNbottomMargiD, XtCVenicaJMargiDS, XtRDimension. sizeof(Dimension), 

offset(botioni_margiQ), XtRImmediate, (caddrj) 0), 

/• 

* Misc. Rcsourees 
•/ 

{ XtNallowShcllRcsiie, XiCAJlowShcURcsize. XtRBooiean. sizcof (Boolean), 

XtOffscKSimplcMenuWidget, shcll.allowjhell_resi2c), 

XtRImmediate, (XlPointer) TRUE }. 
{XiNcursor. XtCCursor, XiRCursor. sizcot'(Cursor>, 

offsct(cursor). XtRImmediate. (caddrj) None), 
{XtNmenuOnScrten, XtCMenuOnScreen, XlRBoolcan. si2eof(Boolean), 

offsei(mcnu_on_sciren), XtRImmediate, (caddrj) TRUE}, 
{XtNpopupOnEntry. XtCPopupOnEniry. XtRWidgci. sizcof(Widget). 

offscKpopupjntiy), XtRWidget. NULL). 
{XtNbackingStore. XtCBackingStore. XtRBackingStore. sizeof (int). 

offset(backingjiorc). 

XtRImmediate. (caddr i) (Always + WhenMapped + NotUseful)}. 
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{XiNbunon. XiCWidgei. XtRWidgct, si2eof(Widget). 
offsct( button). XtRWidgct, (XtPoinicr)NULL}. 

}. 

#undef offset 

static char dcfaultTranslaiionsn = 
" < Enter Window > : highlighi() 

< LeavcWindow > : puUO 

< BtnMotion > : highligbtO 
<BtnUp>: cxccuteO"; 

/• 

* Semi Public function defmiiions. 
•/ 

static void RedispiayO, RcaJizcO, ResizcQt ChangcManagedQ; 
static void IniiiaJizcO, ClauInitializeO. Cla^artlnitializcQ; 
static Boolean SeiValuesO. SetVaiuesHookO: 
static XtGeometryResutt GeometryManagerO: 

/• 

* Action Routine Definitions 
•/ 

static void HighJighiO. UnhighlighiO. PullO, ExccutcO, NotifyQ, PosiiionMenuActionO; 
/• 

* Private FuiKtion Definitions. 
*/ 

static void MakeSetValuesRequesiO. CreateLabelO, LayoutO; 

static void AddPositionActionf). PositionMcnu(), ChangeCursorOnGrabO: 



\n\ 
\n\ 
\n\ 
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sutic Dimaision GctMcnuWidlhO, GetMcnuHcighiQ; 

static Widgci FmdMcnuO; 

static SmcObjcct GctEvcntEmryO; 



static XtAcuonsRec acuonsLisi(] = 



{"pull". 

{"execute", 

{"notify". 



Pull}, 



Execute}, 
Notify}. 



{'^highlight", Highlight}. 
{ "unhighlight" , Unhighlight} , 

}: 

Compos itrClassEjc tens ionRec pr_cxtcnsion_rcc = { 
/♦ ncxt^cxtcnsion ♦/ NULL, 
/• rccord.typc •/ NULLQUARK, 
/* version */ XtComposiicExtcnsionVcrsion, 
/♦ rccord^sizc */ sizeofCCompositeClassExicnsionRcc), 
/• acccpis^objccts ♦/ TRUE, 



^define superclass (&ovcrridcShcllCIassRec) 



PullRighiMenuClassRcc pullRightMcnuCIassRcc = { 



/* superclass •/ (WidgciClass) superclass, 
/* class^^nainc */ •PullRighiMcnu", 
/* size */ sizcoffPullRightMenuRec), 

/♦ class^iniiializc */ Classlnilializc, 
/* class jan^initializc*/ ClassPanlniiialize, 



/* Class inii'cd */ FALSE. 



/* initialize 



*/ Initialize. 
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/* iniiializc^hook NULL, 

/♦ realize Realize, 

/• acuons acricnsLisi, 

/• nura acuons */ XtNumbcr(aciionsList), 

/* resources resources, 

/• resource couni */ XiNumbcitresourccs), 

r xnn class */ NULLQUARK, 

/• comprcss^moiion */ TRUE, 

/* comprc5S_cxposurc •/ TRUE, 

/* comprcss^cntcricavc*/ TRUE, 

/♦ visiblc^imcrcst */ FALSE, 

/* desooy NULL, 

/* resize */ Resize, 

/♦ expose */ Redisplay, 

/♦ sei values */ SctValucs, 

/* set values^hook */ SciValucsHook, 

/* sei values almost */ XtlnheriiSctValucsAlmosi, 

/• get values^book */ NULL, 

/• acccpt_focas •/ NULL, 

/• imrinsics version ♦/ XiVcrsion, 

y* callback offsets •/ NULL. 

/♦ tm table */ defaultTranslations, 

/♦ query ^geometry */ NULL, 

/• display^acceleraior*/ NULL, 

/• extension NULL 

}.{ 

/♦ geomcuy^manager */ GeometryManager, 

change_managed */ ChangcManagcd, 

/* insen child */ XtlnhcritlnscnChild, 
delete chiW */ XiInheritDclcieChild, 

/» extension */ NULL 
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/• ShclJ cxicnsioD •/ NULL 

}.{ 

/* Ovcmdc cxiension */ NULL 

}.{ 

/• Simple Menu extension*/ NULL 

} 

); 

WidgetClass pullRightMcnuWidgctClass - (WidgctCla5s)&pulIRightMcnuCla5sRcc; 



* Semi-Public Funciions. 



/♦ Function Name: ClasslnitiaJizc 

* Description: Class Initialize routine, called only once. 

* Arguments: none. 

* Returns: none, 
*/ 

static void 
CiassiniiializeO 

{ 

XawIniiiaJizeWidgetSetO; 

XtAddConvcner( XlRString, XtRBackingStorc, XmuCvtSiringToBackingStorc, 
NULL. 0 ): 

XmuAddInitiali2er( AddPositionAction. NULL); 

} 



^* Function Name: Classlnitializc 
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Dcscnption: Class Pan IniiiaJizc routine, called for every 
subclass. Makes sure that the subclasses pick up 
ilie cxicnsion record. 

• Arguments: wc - the widget class of the subclass. 
Returns: none. 

•/ 

sutic void 

ClassPanInitiali2c(wc) 
WidgctClass wc; 

{ 

SimpleMenuWidgetClass smwc = {SiraplcMcmiWidgctClass) wc; 

/• 

* Make sure that our subclass gets the extension rcc too. 
•/ 

pr cxicnsion_rcc.ncxt_exiension - smwc- >composiic_class. extension; 
smwc->corapositc_class.cxtension = (caddij) &pr_cxtcnsion_rec; 

} 

/♦ Function Name: Initialize 

Description: InitiaJizcs the simple menu widget 

* Arguments: request - the widget requested by the argument list. 

* new - the new widget with both resource and non 

♦ resource values. 

• Returns: none. 
*/ 

ARGSUSED */ 
static void 

Initializei request, new) 
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Widgci requcsi, new; 

{ 

SimpieMcnu Widgci smw =» (SimplcMcnu Widgci) new; 

XmuCallInitiaJi2crs(XtWidgeiToApplicationConicxi(ncw)); 

if (smw->simplc_mcnu.labcl_class == IWLL) 

smw->siiDplc_mcnu.labcl_class = sracBSBObjcciClass; 

smw- > simplc_mcnu,labcl = NULL; 
smw- > siinplc_meini.cmiy_sci = NULL; 
sraw->siinplc_mcim,recursivc_sct_vaJuc3 » FALSE: 

if (sraw- > simplc^mcnu.labcl^string ! = NULL) 
CrcaicLabcl(ncw); 

smw- > siniple_mcDu.incnu_wklih = TRUE; 

if (smw- > core, width 0) { 

smw- > simplc_mcnu.mcnu_widih = FALSE; 
smw- > core. width = GclMcnuWidth{ncw, NULL); 

) 

smw->siraplc_mcnu.mcnu_height = TRUE; 

if (smw- > core. height ■■"» 0) { 

smw->simplc_mcnu.menu^height = FALSE; 
smw- > core .height = GeiMenuHeighi(ncw); 

} 

* Add a popup^^callback routiiw for changing the cursor. 
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XiAddCaJlback(ncw. XLNpopupCallback. ChaogeCursorOnGrab. NULL); 

} 

/* Function Name: Redisplay 

* Dcscripdon: Redisplays the conicms of the widget. 

* Argumcnis: w - the simple menu widgei. 

* event - the X event that caused this redisplay. 

* region - the region the needs to be repainted. 

* Returns: none. 

/* ARGSUSED */ 
static void 

Rcdisplay(w, event, region) 
Widget w: 
XEvcnt * event; 
Region region; 

{ 

SimplcMcnuWidgei smw = (SimpleMenuWidgct) w; 
SmeObject • entry; 
SmeObjcctCIau class: 

if (region = = NULL) 

XClearWindow(XiDisplay(w), XtWindow(w»: 

/* 

* Gieck and Paint each of the entries - including the label. 
*/ 



ForAllChlldrcnrsmw. entry) { 
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if (!XiIsMana£cd ( (Widget) *cnny)) continue: 
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if (region != NULL) 

switcb(XReciJnRtgion(rcgion. (int) (»entry)-> rectangie.x, 
(ini) Ccntry)- > rectangle. y. 
(unsigned int) (*cntry)-> rectangle. width, 
(unsigned int) (*cniry)-> rectangle.hcight)) { 

case Rectangleln; 
case RectanglePart: 

break: 
default: 

comiime; 

} 

class " (SmeObjectClass) (*cntry)->objcct.widgci_class; 

if (class- >rea_^class. expose != NULL) 

(class- >rca_class.cxpose)( (Widget) •entry, NULL, NULL); 

} 

} 

/♦ Function Name: Realize 

♦ Description: Realizes the widget 

♦ Argumcnia: w • the simple menu widgd. 

♦ mask - vaJuc mask for the window to create. 

♦ attn - atrributcs for the window lo create. 

♦ Returns: none 



static void 

Realize(w, mask, aitrs) 
Widget w: 

XiValucMask * mask: 
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XSeiWindowArtribuics • ams; 
{ 

SimpleMenuWidgei sraw = (SimplcMenuWidgci) w; 

artrs- > cursor = sraw- >siniplc_mcnu. cursor: 
*mask I = CWCur^or; 

if ((sniw->simplc_mcmi.backing_siort Always) 1 1 
{smw-> simplc_incxiu.backing_siorc == NotUseftil) || 
(smw->simpJc_mciiu.bacldng_siorc == WhcnMappcd) ) { 
*ma5k I = CWBacldngSiorc: 

attrs- > bacldng^siore = sraw-> siniple_inciiu.backing_storc; 

} 

else 

*va2skSc= -CWBackingSlore; 
('superclass- > core_clus.reali2e) (w, mask, aors): 

} 

/* Function Name: Resize 

♦ Description: Handle the menu being resized bigger. 

♦ Arguments: w - the simple menu widget. 

♦ Rcmms: none, 
•/ 

static void 
Rcsi2c(w) 
Widgci w: 

{ 

SimplcMenuWidget smw = (SimpleMenu Widget) w; 
SmcObjcci • enny; 



if ( !XdsReali2cd(w) ) return: 
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ForAUChi]drcn(smw. cniry) /* rrset width of all entncs. •/ 
if (XasManagcd( (Widget) 'entry)) 

(•cnny)- >recunglc. width = 5mw-> core, width: 

Redispiay(w, (XEvent •) NULL. (Region) NULL); 

} 

/* Function Name: SetValues 

• Description: Relayoui the menu when one of the resources is changed. 

* Aigumcnis: cuneni - cunmi state of Ac widget. 

• icquest - what was req ue sted. 

» new - what the widget will become. 

* Returns: none 
•/ 

/• ARGSUSED •/ 
static Boolean 

SctValucs(cuntni, request, new) 
Widget current, request, new; 

{ 

SimplcMenuWidget smw_old = (SimpleMenuWidget) current: 
SimplcMcnu Widget smw^ncw » (SimpleMenuWidget) new; 
Boolean ret^val »= FALSE, layout = FALSE: 

if (!Xt]sRcali2ed(cunent)) renim(FALSE); 

if (!smw ncw->simple_inenu.rccur5ive_sct_^valucs) { 

if (smw new- > cort.width ! = smw^old- > core. width) { 

smw new- > simple_menu.mcnu^width = (smw_new- > core. width ! = 0): 
layout — TRUE; 

} 

if (smw new->corc.height != smw_old->core.height) { 



wo 94/23385 



PCT/GB94/0d6T7 



- 290 - 

smw_new-> simple_menu.menu_height = (smw_new->corc.bcight != 0); 
layout = TRUE; 

} 



if(sraw old-> siniplc_maiu.cmor != smw_new-> simple_memi.cui3or) 
XDcfineCursor(XtDisplay(ncw). 

XtWindow(ncw), sraw_ncw->simple_menu.cursor); 

if (smw old- > simplc_menu.labcl_string ! = siDW_ncw- > siinplc_maiu.labcl_strmg) 
if (smw_ncw- > simple_mcnu.iabel_siring - - NULL) /• Destroy. •/ 

XtDcsuoy Widgci(5inw_oId- > simple^incini.labcl); 
else if (smw_old.>siinple_mcnu.labeI_string =« NULL) /* Create. */ 

CreateLabeKnew); 
else { I* Change. */ 

Arg args[l]: 

XtSciATg(argxlO], XiNbbcI. Eniw__ncw-> simplc_mcnu.labcl_siriiig); 
XLSctVahics(smw_ncw->siniple^mcnu.label, args, ONE); 

} 

if (smw old->simplc_menu.label_class != smw_new.> simpic_mcnu.label_class) 
XtAppWanmig(XtWidgetToApplicaiionConiext(new), 

"No Dynamic class change of the SimplcMcnu Label."); 

if ((smw_old->simplc_mcnu.top_margin != sniw_new-> simpie_menu.iop_margin) 
(smw old-> 5imple_mcnu.bonom_margin ! = 

smw new->simple_mcnu.bonom_margin) /* filler... */ ) { 

layout = TRUE: 
ret val = TRUE; 
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if (layout) 

Layout(ncw, NULL, NULL); 

renim(rct_val); 

} 

/• Function Name: SciValucsHook 

Description: To handle a special case, this is passed the 

* affl j^^ arguments. 

* Argumcms: w - the menu widgcL 

* arglisi • the aigumcni iist passed to XtSctValucs. 

* num args - the number of args. 

* Returns: none 
•/ 

/• 

* If the user actually passed a width and height to the widget 

* then this MUST be used, rather than our newly calculated width and 
•height. 

•/ 

sutic Boolean 

SctValucsHooWw, arglist, num^args) 
Widget w; 
ArgList arglist: 
Cardinal *num_args; 

{ 

register Cardinal i: 
Dimension width, height; 



width = w-> core, width: 
height = w-> core, height; 
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for ( i = 0 : i < •num_args ; { 
if ( sirtq(arglisi(i).namc, XtNwidih) ) 

width = (Dimension) argiist{il. value; 
if ( strcq(arglist{i].namc, XtNhcighl) ) 

beighi = (Dimension) arglisi[i]. value; 

} 

if ((width !» w.> core. width) 1 1 (height != w-> core. height)) 

MakcSctVaJuesRcqucsi(w, width, beighi); 
rcmni(FALSE); 



* 

• Geometry Management routines. 

•••• .-.....••.....—.•..../ 

/• Function Name: Geometry Manager 

• Description: This is the SimpicMenu Widget's Geometry Manager. 

• Argmncras: w . the Menu Entry making the request. 

• request - requested new geometry. 

• reply - the allowed geometry. 

• Rcnims: XtGeomctry{Yes, No, Almost}. 
•/ 

static XtGeoraetryRcsult 
GeometTyManager(w. request, reply) 

Widget w; 

XtWidgciGcomcuy * request. * reply; 
{ 
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SimplcMcDU Widget smw = (SimplcMcnuWidgct) XtParem(w); 
SmcObjca cmry = (SmcObjcct) w; 
XiGtomccryMask mode = request- > requesi^modc; 
XtGcomctryRc5uli answer; 
Dimension old^heighl, old^widih; 

if ( Kraodc & CWWidth) &A !(modc & CWHcigfat) ) 
rcnimCXiGcomcnyNo); 

reply- > width = request- > width; 
reply- > height = request- > height; 

old width - entry- >rectanglc.width; 
old height » entry- >rcci2Liiglc. height; 

LayouUw. &(reply- > width), &(rcply- > height) ); 

* Since we art an ovetride shell and have no parent there is no one to 

• ask 10 sec if this gcom change is okay, so I am just going to assume 

♦ we can do whatever we want. If you subclass be very careful with this 

* assumption, ii could bite you. 

• Chris D. Peterson - Sept. 1989. 
•/ 

if ( (reply- > width = = request- > width) && 
(reply- > height = «= request- > height) ) { 

if ( mode & XtCWCJucryOnly ) { /* Actually perform the layout. */ 
entry- > rectangle. width = oldwidth: 
entry- > rectangle.heighi = old_height: 
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} 

else { 

Uyoui(( Widget) smw, NULL, NULL); 

} 

answer = XiGcomctryDonc: 

} 

else { 

euny- >rccuiigie. width = oId_width; 
cnny- > recxangle.hcighi = old^hcight; 

if ( ((reply- > width = = request- > width) StSt !(mode & CWHeighi)) 1 1 
((reply- > height - - request- > height) !(modc & CWWidth)) 1 1 
((reply- > width request- > width) && 
(reply- > height = = request- > height)) ) 
answer = XtGeomenyNo; 
else { 

answer » XtGeometry Almost; 

reply- > request^mode » 0; 

if (reply- > width != request- > width) 

reply- >rrquesi_mode I = CWWidth; 
if (reply- > height ! = request- > height) 

reply- > request_mode | = CWHcight; 

} 

) 

rcnjn)(aiiswcr); 

} 

/♦ Funciion Name: ChangcManaged 

♦ Descripiion: called whenever a new child is managed, 

♦ Arguments : w - the simple menu widget. 

♦ Rcmms: none. 
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Sialic void 

Change Man2ged(w) 

Widget w; 

{ 

LayouKw. NULL, NULL); 

} 



• Global Action Rouunca. 
# 

• These actions routines will be added to the application's 

• global action list. 

....,,...••..•....«....——•—••••••/ 

/* Fuixnion Name: PosiiionMcmiAction 

• Description: Positions the simple menu widget. 

• Arguments: w • a widget (no the simple menu widget.) 

• event • the event that caused this action. 

» params, Dumj)aranis - parameters passed to the routine. 

« we expect the name of the menu bexe. 

• Remms: none 
*/ 

/*ARGSUSED»/ 
sutic void 

PositioiiMcnuAction(w. event, params, numjarams) 

Widget w; 
XEvent • event; 
String * params; 
Cardinal * numjjarams: 
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{ 

Widgei menu: 
XPoini loc; 

if (•numjDaranis 1) { 
char crror^bufTBUFSIZ]; 
sprimf(crTor_biif. "%s %s", 

"Xaw - SimplcMcnuWidgci: position menu aciicn expects only one", 

"parameter which is the name of the menu."); 
XtAppWaniing(XtWidgctToApplicaiionConiext(w), crror^buf); 

return; 

) 

if ( (menu = FLodMcnu(w, parains[0])) » » NULL) { 
char errorbuflBUFSIZl; 
spriiiif(eiTor_buf, *%a 

*Xaw - SimpkMenuWidgcL* could not find menu named: paTams(0]); 
XlAppWarning(XiWldgetToApplicadonConicxt(w), error^buf); 

return; 

} 

switch (event- > type) { 
case ButionPrcss: 
case BunonRelcase: 

loc.x = event- > xbutton.x^root: 

loc.y = event- >xbunon,y_root; 

PositionMcnu(memi, &loc); 

break; 
case EnterNoiify: 
case LeaveNotify: 

loc,x = event- > xcrossing.x^root; 

loc.y = event- >xcrossing.y_rooi: 



wo 94/23385 



PCT/GB94/006T7 



- 297 • 

PosinonMcnudncnu, &loc); 

break: 

case MotionNorify: 
loc.x = event- >xiDorion.x_rooi: 
loc.y = cvcnt->xmoDon.y_rooi; 
PosiuoiiMciiu(mcxm, &lcx;); 

break; 
default: 

PoslrionMcDudDenu, NULL); 
break; 

} 

} 



• Widget Action Routiiica. 

/* Fuxx:tion Name: Unhighlight 

• Dcacripdon: Unhighlights current entry. 

• Arguments: w - the simple menu widget. 

• event - the event that causrri this action, 
params, numj)arams - NOT USED 

a Returns: none 
*/ 

/♦ARGSUSED*/ 
sQtic void 

Unhighlight(w, event, params, numj)arams) 
Widget w: 
XEvcm • event: 
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String * params; 
Cardinal * num^params; 

{ 

SimplcMcnuWidgci smw = (SimplcMcnuWidgci) w; 
SmeObjcci cnny = smw- > simplc^mcnu.cnrry^sei: 
SmcObjcctClass class; 

if ( cnny = = NULL) return; 

smw->simple_m«w.cniry_sci NULL; 

class = (SmcObjcctClass) cnny- > object. widget^class; 

(class- > smc^class.unhighlight) ( (Widget) entry); 

} 

Fuoction Name: Highlighl 

• Description: Highlights current entry. 

• Argiuncnts: w - the simple menu widget 

• event - the event that caused this acdon. 

• panms, Dumjjarams - NOT USED 

• Returns: none 
•/ 

/* ARGSUSED •/ 
static void 

Highlighi(w, event, params, numjjarams) 
Widget w; 
XEvent * event; 
String * params; 
Cardinal * numj)arams; 

{ 

SimplcMenuWidgei smw = (SimpleMenuWidget) w; 
SmcObjcct entry; 
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SmeObjcctClass class; 

if ( !XtIsScnsiDvc(w) ) return; 

cnny = GttEvcniEntxy(w, event); 

if (cmiy ==* smw-> 5implc_mcnu.cnny_sct) return; 

Unhiglalight(w, event, params, numjiarams); 

if (enny = = NULL) remrn; 

if ( !XasScMitivc( (Widget) enay)) { 

smw->siiiiplc_mcnu.ciiiry_set = NULL; 
renm; 

} 

smw->sinipk_menu.eniiy_,$ct »» enny; 

class = (SmcObjectClass) enny->objea.widget_ciass; 

(class- > sme_class.highliglit) ( (Widget) enny); 

} 

/♦ Function Name: Notify 

* Dcscxiprion: Notify user of current entry, 

* ArsumcBts: w the simple menu widget. 

* event - the event that caused this aciion. 

* params, numjsarams - »• NOT USED 

* Returns: none 
•/ 



/• ARGSUSED */ 
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sialic void 

Noiif)'(w, event, params. nmnj)arams) 
Widgci w: 
XEvcni * cvcni: 
String * params: 
CaniinaJ * numjarams; 

{ 

SimpleMenuWidgei smw = (SimplcMenu Widget) w; 
SmtObject eniry = smw- > $imple_menu.cniry_set; 
SmeObjcxtClas3 class; 

if ( (emry - = NULL) 1 1 !XiIsSensirive((Widgei) entry) ) reaun; 

class = (SmeObjectClass) cniry- > object. widget_class; 
(class- > sme.class.notifyX (Widget) eony ); 

) 

/♦ Function Name: Pull 

• Dcjcriprion: Dctcnninw action on basis of leave direction. 

♦ Argumcnis: w • the pull right menu widget 

* event - the Leave Window event that caused this action. 

* params, numjparams • NOT USED 

• Retuns: none 
•/ 

suiic void PuU(w, event, params, Duinj>arams) 

Widget w; 
XEvent *cvcnt: 
String *paranjs; 
Cardinal •nuni_paranis; 



